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THK NATIVE BANANAS OF THE HAWAIIAN ISLilNDS 

VAUGHAN MacCAUGHEY 
CoUeffe of Hawoiit Hont^ulu, Hawaii 

The banana occuined an important place in the dietary of the 
ancient Hawaiian, as it did with all the Polynesian peoples. 
The early European »pIom8 all comment upon the Tiumopous' 
groves and plantations of bananas in the vicinity of the native 

srttloTrif'nts. The case with, which the plant \vas prnpac:atod, 
the iittio culturo it required, the [)r<)fusion and pereiuuai quality 
of its growth, and its abundanee of nutritious and palatable food, 
all combined t-o give it iiigh rank in the primitive Hawaiian 
agriculture. 

With the decadmoe of the native population, and the introduc- 
tion of large numbers of alien peoples with food-habits entirely 
different from those of the Hawaiian, the native banana dimin^ , 
ished in importance as a staple of diet. Foreign varieties were 
introduced from time to time, and in a num>>pr of instances, 
notably that of the Ciiinese banana, became more numerous, 
both in cultivation and in the markets, than the original native 
varieties. 

It is the purpose of the present paper to discuss somewhat in 
detail, the native varieties as distinguished from the now-pre- 
ponderant alien bananas. Brief consideration may be given, at 
the outset, to some of the more prominent of these introduced 
kinds, in order to make clear the diflferences betw(»en the two 
groups. A person xnsitinp; the Hawaiian Islands today would find 
the standard commercial \ arietN to be the Chinese banana, Mma 
cavendishii. It was introduced from Tahiti about 1855, and 
rapidly found favor in its new home. In lue \icinity of Hono- 
lulu, at various points on the island of Oahu, and to a lesser de- 
gree on the other islands, are extensive plantations of this spe- 
des. The local consumption is large, and there is considerable 
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2 VAUGHAN MACCAUGiiKY 

export to California. The factors that h$>ve i^vea this species 
commerdal supremaojym d umerous. Omng to its dwarf si ze and 

deep rootage, it does not suffer from wind and storm as do the 
tall-growing kind.*!. It stands close j^lanting, and thiLs f:^ves a 
much larger yield {)or acre than do the varieties whicli require 
more room. It beare sooner than do many of tlie native bana- 
nas. The bunches are large and well-filled; the fruit, although 
excelled by many of the other varieties, is of good flavor and 
texture. It is likdy to steadily ^in in importance. 

A second introduced species, of totaUy different duuacter, is 
the Musa fehi of Tahiti. This banana is common in the forests 
of Tahiti, and wjis probably brought to Hawaii from Bora Bora, 
an island of the Tahitian group. There it is called Fe'i. The 
Hawaiian name. Pola-pola, is corrupted from Bora Bora, and 
has in turn been corrupted in English to iiolo-bolo. This ba- 
nana does not come from Bolo-bolo. The natives also call it 
He'e. The peculiarity of this species is that the stem of the 
bunch stands ered, holding the bumdi straight up, instead of 
hanging pendant, as do most bananas. The fruit is oblong, 
neatly straight, and of fair quality whNi cooked. The plant is a 
tall, vigorous grower; the base of the stem is black, tiie upper 
part gn^cn. The petiole is short and stout as compared with 
the lengtli of the blade; the latter is dark-striped. This variety 
occasionally grows unculti\'ated in spots in the Hawaiian forests 
where it has been planted, and in such places is easily luistaken 
for a native variety. It is reported ad occasionally producing 
seeds in these idands; in Tahiti it often produces seeds at eleva- 
tions above 3000 feet. 

Another exotic variety, that was introduced from Ts^ti about 
1855, is the so-called "Brazilian" banana, known to the natives 
as Nuho-lani. This is the "Dessert Banana" of Java, and is a 
choice and highly esteemed variety wherever it occurs. The 
plant is a \ng'orons jo-ower, 25 to 35 feet high, firnily rooted, and 
withstamling winds. It suckers free!}', and is often used as a 
windbreak for more delicate varieties. The apex or floral end 
of the fruit is p(ol<»iged into a distinct beak or rostrum. The 
skin of the fruit isi. smooth and delicate, dear brij^t ydlow, and 
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easily separated from the flesh. The flavor is excellent, with a 
piquant 8ub«cid taste that reeves the otherwise almost cloy- 
ing sweetness. The fruits are so easily IooscdchI from tho bunch 
that this variety is not adapted for shipping. Often in gathering 
a thoroughly rijje ljunch, a large proportion of the fruits shatter 
from it as it is taken from the plant. Other exotic varieties are 
the Bluefields, tiie Ice Cream, the Apple, the Lady Finger, and 
the Abaca, {Mvaa textUUt MaDila hemp).^ 

The andent Hawaiians reoogniBed by distinctive names over 
twenty varietieB of banana. The number was probably much 
larger than thia, as many of the local and iess^known varieties 
have long been extinct, exactly as in the case of the taro and 
the sweet potato. These varieties can be arranged in three 
groups, eaeli group segregated about a dominant type, Maoli, 
Iho-leiia, and I^Hpo-nlu. The following list contains detailed 
information, so far a.s is available, concerning the characteristics 
of each vadety. In the Hawaiian language the generic name for 
banaiia is mcna, to which is added the specific or varietal name, 
as for example, Maia Iho4ena, Maia Hua Moa, Maia Kana-lua. 
In the list only the \ arietal names are given. All of the native 
bananas are varieties of Aftisa wptentum. 

Aa-o. Tbis imine is applied by tbe natives to a very rare tall-growing variety, 
te8trict«d to glens and recessBB in the mountainsj and not found in cultivation; 
other characters unknown. 

EU-ele. A variety belonging to the Maoli group. The t runic, petioles and 
midribs arc all very <\nrk. ;ilM)ost lilack: this characttT t^ivivs the namr. wliidi 
means dark ur bluck. I'hc yuuug fruit aiao is ho dark that ut a distaucu it looks 
black. The dark Icaf-shcaths, petioles, and mid-ribs furnished materially for* 
nierly used by the natives in making hats. 

Ha-a. A variety belonging to the Ibo-lcna group. The plant is of low stat- 
ure, S to 8 feet, even smaller than the Iho^ena. The leaf-Made Is light, elear 
green. The steinislipht grfcnwilh niirnrrotis longitiKlinal hlarkish streaks. This 
sti'eakiug is constant and forms a varietal character. Under favorable condi- 
tions it fruits much sooner than other varieties. The bunch is short, but large. 
The fruitf arc j)i)iiitr-f! at llir- Tliis is one of the choifr-st variottps for rook- 

ing. It closely resembles tlie Iho-lena, and is sometimes called Iho-lena Ua-a. 

Hoi. A variety belonging to the Maoli group. This variety forms the largest 
plant of any f)f tlir native bananas, and produces the largest buiuli of fruit. 
Plants twenty-five feet high are not uncommon. The individual fruits are also 



> See Higgina, J. E., The banana in Hawaii, Haw. Agr. Expt. Sta. Bui. 1906. 
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very large. The Hai is not as hardy as some of the other varlch'cs, :in<l if nv^l- 
lected it often fails to produce vigoroiw suckers, and eveutually dies out. This 
▼ariety is known especially in Kona« Hawan. 

Hapai. A very curious native variety; probably the same or closely related 
to the "Lubang" or '*Eel plantain" of Java. The bunch is verysMiuH and is 
ripened within the stem of the parent plant ; that is, the bud does not emerge from 
within th - stem. This variety is also called Huaiwaena, whieh refers to this 
curious development. 

HiHU Pu-a'a. A variety belonging to the Maoli group. The stein is black, 
and in a numher of characters this variety closely rssemblss the Ele-ele. It is 
found in thr tipper vrillcys and ravines, and on steep slopes. 

Hua-moa. Literally "hen's egg," referring to the size and shape of the fruit. 
This variety belongs to the Po-po-ulu group. The plant is of medium he^^t, 
and r.ither stocky; the leaves are ver\- rminerous, and droop from long, slender 
petioles. These features give the crowu a characteristic appearance. The 
bunch-stem is very slender. The fruits are markedly egs^haped. and few in 
number, oftcii tlierc iire only two f>r three fruits on tlie hiineh. The fr'iiit Ii;i3 
a tendency to crack open before tbordughly ripening, hence it must be gathered 
early. The flavor is very fine, and the flesh is rich and creamy. It is a highly 
pri/.ed \ ariety, hut is uncommon. 

II ua Hui. This variety is remarkable in that it usually produce* two, three, 
or four bundles of frtiit from the same stem ortranh. These bunches are pro- 
duced consecutively, over a long period of tiine, twelve to eighteen months. The 
bunches are small, and the fruit of medium quality. The variety is al.so called 
Ilua alua ("two fruits"), and Mahoe ("twins"), referring to the unusual number 
of bunches. 

Iho-lcii'i. One of t]\c best known of the nrittv»» hfinnnnH. The plant is of me- 
dium stature, averaging about 10 teet to the lops of the leaves. I'reea 12 and 14 
feet high are not uncommon in favorable localities. The petioles are rather stout, 
nnri arc linhf crfcn in color wif h rofldish markings nlonc the mnrKin? The undcr- 
surtaces of the new leaves are slightly bronze or purplish. The fruit bunch is 
rather small; the fruits are loosely arranged, and stand out at right angles from 

the a.vis. This gives the luinch .n 'diuraeteristic ap[ienranec. Thi frin'( is eoti- 
spicuously angular in cross-section. Tlie skin of the immature fruits is a deli- 
eate light green, turning lemon yellow before ripening. The flesh is pale pink. 
When thoroughly ripe, and beginning to turn black, it is regarded by the Ilawai- 
ians as one of the best varieties for eating raw; it is also excellent for cooking. 
The Iho-lena is widely distributed over the islands, and is known by a number of 
names : Loha. 1 ho-u, H ili-hila. The Iholena group of bananas includes the Lelot 
the Ha-a, and the Puu-puu-nui. 

/Ta-io. This variety belongs to the Po-jw-ulu group; it is very similar to the 
Fo>po-uIu, but issomewbut taller, and the frtiit is inferior in flavor. This variety 
occurs wild in the mountains, in ravines and hanging valleys, and near the siun- 
mit ridges. 

KaaO'tutt. A variety belonging to the Maoli group; if ha.s the shortest stem of 
the group, avrr.iginc nhout 14 feet. It is also disl ingtiishod by its d.irk green foli- 
age, which resetiibles in shade the foliage of Musa cutciuiinhii. .Vlthuugh the 
bunch is rather small, the fruit is of good quality and flavor, and resembles the 
Poni. Knna-lua is best known on Maui and Hawaii. 
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Ko-a*e. A varwty easily fceogaUwct by the white atripinf on the lenTessiid 

fruit; probably Mu»a sapitttlum var. x-ilnUi. TIio ix'tiolcs iwv .siripod with wliite, 
and there are blotches of white on the blade; the fruit is striped longitudinally 
with white. The varietal name faneifull y comparee theae marldnga with thoae of 
the tropic bird, ko-a'e. The plant is 14 to 18 feet high. The fruit is of fair quality 
when cooked. Thia variety ia most abundant in moist parts of the islands, as the 
Hilo region of Hawaii; windward Maui, and eastern Miolokai. It is also called 
Ae-ac and A'c. 

Lele. A very tall variety belonging to the Ihu-Iena group. The plant }<t IS 
to 24 feet tall, with a robust stem and a large crown of heavy foliage. The stem 
is blacker than that of the Ha'a. The petiolea, and the leaf*«heatbs at the upper 
part of the stem, are of a very Hjjht green; thi"* is a conspicuous charaptor. The 
new leaf-4)lade8 show bronze tints on their under-surfaces, but not as conspicu- 
ously as Iho-Iena. The bunch is hung on a very long seape. The fruits very 
closely rescmblf f hosr of tho Ilio-lcna, an^i arc arrnTn^rd on the bunch in the s.nme 
way. The flesh is pink, and excellent in quality. The Lele occurs on all the 
islands, from Nii-hau to Hawaii, 

Loha. A peculiar variet_v. jiot^si'ssiiin the ch.iracteristit-s of both the Maoli 
and the Iho-ien» types. The feature which distinguishes it from all the other 
native bananas is that in the Loiia buneh the individual fruits hang dotratmrdt 

toward the ground, instead of being Hemi-erect. The plant is quite tall. M to 18 
feet, — the leaves resemble the Lele. The fruit, if not bruised, ia very good, but a 
•light bruising, even while green, destroys the texture and begins decay. This 
variety is known only from the island of Molokai. 

Mt^ae-ula. A variety belonging to the Maoli group. The upper part of the 
stem or trunk has a conspicuously reddish or purple color, which extends out 
more or less into the petioles and midribsirf the leaves. The most striking and 
distinctive i)eculittrity, however, is the verj* dark red color of the immature fruits 
or ovaries of the flowers when they first appear. .\8 the fruits increase in sise 
this color gradualiy dii^appearu, and th^ assume the dark green shade character- 
istic of the Maoli group. This variey oeeurs on Kauai. Oahu, and Molokai; and 
probably on the other islands. It is sometimes called .Ma-lai-ula. 

Maoli. This is the commonest variety of the group of cooking bananas to 
which it give'? its nnme, The stem is very tall, 18 to 25 feet; when young it is 
light green with faint tints of pink or purple; when mature it is dark green. The 
fruit buneh is long and large. The fruits are quite long, and round in cross- 
section. They are conspicuously blunt or rounded at the apex, and are turned 
more or less upwards. When immature the fruit is dark green; when ripe it be- 
comes orange yellow; the flavor is exoellent. Together with several elosely-re* 

latcd forms, it furnishes most of the eookinK bananas sold in the Honolulu mar- 
kets. The other members of the Maoli group are: Puhi, Ma-nae-ula, Kana-lua, 
Hai, Ko-a'e, Poni, Loha, and Hinu-pua'a. The Maoli is also aometimes called 
Ka-hild,— both of these names are suggestive of the South Sea ancestry of the 

Hawaiian people and their economic plants. 

Jfoa. A variety belonging to the Po-po-ulu group. The stem is very tall, 16 
to 22 feet. The bunches are small, having only a few rows of fruit, and not un- 
commonly only two or three fruits. The fruit is large, egg-shaped (whence the 
name moa), and with a rough akin. According to Uiggins this variety is undoubt- 
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edly the same as Hitt-moa; he says "It is probable that the two varieties arc not 
distinct, the difTercnccs which have given me to the two names being due to the 
immediate effect of soil and cultivation." 

Nou. An obscure variety beloiiKiiiR to the Po-po-ulu group. It is vety 
ghort-^temnipri, nr)\y ^ tn5fpo( high, aQdisiaidto do vreUttt wiody placee where 
other kinds will not thrive. 

Poni. A v:iri( i y belonging to the Maoli group. It is ■iniilar to the MaoU, 
but with purple pciiDlcs ;iii<] rnidiihs. and a reddish «!lpm. Tho lc;if-hhulp8 are 
sometimes blotched with red or purple. The bunch and the fruit are both shorter 
than in the Maoli. Also called O'a. 

Po-fto-ulu. A well-known varirfy of rookinK banana, common in tho Hnno- 
lulu markets. The plant is of medium height. Tlie stem is green with a slight 
tendency to pinkish tinte on the petioles. The aeape is rather slender; the bnneh 
ith*( lf is of iiH cIiuiii sizr. Thrrr nrr S to 10 fruits per hiitid. Tho fnitts nrc short, 
thick, rounded, and blunt at the ends. This banana is of good quality when 
cooked; the flesh is firm and sweet. Other members of the Po-po>ulu group are: 
Ka-io, Hua moa, Moa. Nou, and Lahi. 

Fua-pua^nui. A variety of tlie Iho-lena group. This one has the largest 
Stem or trunk of the group; it often reaches a height of nearly 30 feet. In other 
features the plant is similar to the Ha'a; the bunch, however, is smaller and 
shorter than the Ua'a. The fruits diverge at the ends. This variety is also 
called Pu'u-hala, Ka-pua, and Maoli>ili lahi-lahi. It is frequent on the windward 
sides of Hawaii, Maui, and Oahu. 

Piihi'. A v.'iriofy of tlic Maoli uroup. The (li.stii)Kuisiiinn fciifurc of this 
variety is the groat U'tigth uf the fruit a8 cuitipured with the siiiall diameter. 
The fruit is also somewhat curved or twisted, and thus the varietal name fanei- 
fully compares it to the eel "pitM." 

An of the native bananas are aeedlen, and could liave readied 
the islands only through human agency. The vegetative shoots 
or "suckers" are quickly killed by sea-water, and could not 
have been carried by the ocean currents in the manner in which 
many impervious-tegumented seeds are carried. The banana 
was unflouhtfMny introduced by the primitive Hawaiians, to- 
getiier with nimierous other plants of economic value, from 
their home in the South Pacific. ' In fact, there is abundant 
evidence to show that the Polynesians, from their first migra- 
tions out of the mysterious south- Asian ''Hawar41d*^ home4and, 
took with tiiem such plants as the bread-fruit, sweet potato, 
and banana, and such animals as the dog, hog, and fowl. These 
and other more distinctivdy Polynesian plants and animals are 

* See MacCaughuy, Vaughan, The fuud plants uf the ancient Hawaiians. The 
Soientifie Monthly, 4: 75-flO, 1917. 
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scattmd all along the great migration routes of this adventure- 
some people. 

Upon settling in the Hawaiian Islands, die villaisee were es- 
taUkhed along the coasts. The primitive agriculture to which 
the people were accustomed naturally developed along the low- 
lands and in the vallrys. Tho roup^h. jimKle-covored, very 
rainy, interif)r regions \ver{' not suitable for human luibitation 
nor for agriculture. So the plantations of banan;us, bread-fruit, 
coco-nut, sweet potatoes, taro, and otiiier food crops, were most 
^ctensively developed along the lowlands. It soon became evi- 
dent, however, that many of the lowor regions did not recdve 
Buffident rainfall to enable such a moiBture-loving plant aa the 
banana to reach its prime. Moreover, the Mret valleys, with their 
oopioiu precipitation and siKlicr from the strong winds, were 
recoji^ized as verj' suitable places for banana groves. This 
condition led to the establishment of banana plantations through- 
out the upper valleys and ravines, uloi^g the streamways, and in 
the midst of the rain-forest. The banana plant is tolerant of 
shade,, it can flourish in scant soil, and the coolness of the val^ 
hys did not seriously delay the ripening of the fruit. 

In this way it came about that a very laige prop<»tion of the 
native banana groves were situated at some (fistance from the 
villages, often several miles. The natives went to the groves 
only to gather the fruit, or to extend the plant ingn. These 
groves perfv-tuated themselves indefinitely, and with the decline 
of the i^iavvaiian j^eople became practically "wild" groves. 
Nowadays, when peojile speak of the "wild bananas ' in the 
mount^ns they refer to these groves and to others that have 
originated from them. They are "wild" in the sense that they 
have escaped from cultivation, or rather Uiat cultivation is no 
longer afforded them, and have become thoroughly naturalised; 
they are not indigenous. 

Frequently, in travelling afoot along the narrow and precipitous 
summit ridges of the older and more deeplj' eroded mountains 
of the Hawaiian group, one finds small clumps or groves of 
banana plant* at eonsiilerable elevations, 3500 to 4r>0() feet. In 
these cold, rainy, summit regions the clumps usually occur on 
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very steep protected leewaid slopm, in pockets or in the little 
hanging valleys that are so characteristic of the nider Bummita. 
The fiimmit regiom? of Wai-ale-ale, Ka-ala, Jona-hua-nui, East 
Molokai, West Maui, and Kohala, all possess these high-alti- 
tude banana clumps. The plants are iwually somewhat dwarfed 
in stature, and j>roduce either no fruit whatever, or \cry small 
bundieB bearing only a few finiita. These scanty fruits are gen- 
erally eaten by the wild lale as rapicQy as they begin to ripen. 
It is a very tare ^pttime to find ripe bananas in any of the 
wild groves. In these cold, excessively humid regions the froits 
mature very slowly. The bunches are small; often there are 
not a dozen full sized bananas on the bunch. The plants £?i\'p 
every evidence of being in a region too cold and windy for their 
normal development. 

It is difficult to explain the presence of th^ plants at such 
elevations, for they are far above the level of the groves tended 
by the andoit Hawaiians. Yet there ia no ooneeivable agency, 
save nuui» that could have origiiially started these groves at 
such altitudes. A banana clump can readily propagate . itself 
dawn hill, for the suckers that are. broken off or uprooted by 
storms, fall to lower levels, n^tain tlunr vitality for a long time, 
and readily sprout when they lodge in .some favorable crevice. 
Tins. hn\ve\'er, will in no way account for the presence of these 
isolated clumps near the extreme summits. These regions surely 
would not have been selected by the primitive Hawaiians as 
sites for banana groves, for the conditions, as has already been 
intinuited, are higlily unfavorable for fruit production. 

The banana, plant is a fpgantic herbaceous perennial, and the 
gre^ "trunks" or false stems arise from a massive starchy basal 
rorm. In old clumps this basal mass may be 3 or 4 feet in 
diameter, and se\'eral foot thick. It emits groat numbers of 
white, rord-like root,s from tiie sides and lower surfaces. The 
new shoot-buds originate on the upper surface, at the bascsi of 
the older stems or trunks. The life of the basal corm is indefi- 
nite; other conditions remaining the same, there seraos to be no 
reason why it could not go on producing new shoots without 
cessation. In the lowlands and valley floors the corm is hidden 
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beneath the soil, and its rdation to the awial parte Is not easily 

recognized, but up in the mountains, on the steep slopes where 
there is little soil, the bases are usually exposed, and all parts 
of the plant may readily l>e seen. 

The plants in many of the deep sheltered ravines and glens 
are very shallow rooted; one can easily overturn a large plant 
with a single blow. This condition, combined with the heavy 
rains and fresheto in the mountain streams^ results in a continual 
down^stream migration of banana plante, they are uprooted/ 
wash down stream a few hundred feet or yards, lodge in some 
angle or corner, sprout and root. In this way the beds of many 
of the mountain streams, particularly in their upper courses, 
are marked by clumps of bananas. 

Anotlii r mode of migration, much slower than the preceding, 
is that \\ luch results from the natural growth of the clump. The 
shoots that spiing up around the margin are crowded outwards 
at the base as thor butts enlarge, and at the tops as thdr cano- 
pies of great leaves unfurl. Thus there is a movement toward 
the periphery, and the clump slowly spreads into new teiritory. 
As the older stems, in the center, fruit and die, young sprouts 
arise there to replace them, so that the clump is a solid stand of 
stems in all stages of development. 

The native bananas are readily transplanted, and thrive 
under culture. In Honolulu there are a number of private gar- 
dens that contain series of the native varieties, collected in the 
mountains and on the other islands. Hie part generally used 
for propagation is a vigorous plump sucker or offshoot, 2 or 3 
feet tall. This is carefully separated from the parent plant, so 
as not to injure the base of the shoot. It is planted in mellow 
soil, and usually set deep, half the length of the shoot under- 
ground, so that the clump will be deep-rooted and not overturned 
by the wind. The shoot quickly resumes its growth, and under 
ordinary conditions will fruit within ten to fifteen months after 
transplanting. 

The trunk or stem of the banana plant is made of petiole bases. 
These are long, expanded, cellular, and closely ensheath one 
another. United they form a false stem which is soft and juicy; 
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' a sini^e macbete stroke will fell a large plant. The croes-seotioii 

of the stem reveals the bud of young leaves or fruit in the center, 
and the i)afogressi\ dy older leaves forming successive peripheral 
envelopments. Tlu; long leaf-sheaths that compose the stem 
are fibrous. This fiber is collected and dried by the natives for 
the stringing of garhuuls, etc. In olden times tlu; banana 
fiber wad a-^ed in a great many ways, but th^ ancient practices 
have fallen into disuse since the introduction of cheap cotton 
thread and twine. The Hawaiian benana fiber is structurally the 
same as the "Manila hemp" of commerce, whidi is obtained 
from the leaf-sheaths of the Phihppine banana, Mma iextUia, 

In ancient Hawaii the large leaf-blades of the banana were 
commonly used as tableclothes, at the times of the great feasts 
and carnivals. A quantity of the leaves were gathered and 
spread out on the groinul or mattings. Their clean, smooth, 
bright green isurfacess made an excellent and attractive back- 
ground for the profusion of the feast or luau. 

All parte of the banana phmt are filled with a watery latex that 
turns v&y dark brown or black upon exposure to tiie air, and 
forms an indelible stun. This juice was used by the nat i\ es in a 
variety of ways, for marking the tapa or bark-cloth, for staining 
or decorating their household utensils, gourds, ete. This latex 
may be secured from any i)art of the plant, but is most abundant 
in the scape of the young fruit-ijimch. If this be severed the 
cut surface will "bleed" profusely fur a long time, and a consid- 
oable quantity of the juice may be gathered in this way. 

In the anciMit resume, when the dreadful UAu system was in 
full force, bananas were among the food prohibited to the womNi, 
on pain of death. Bananas, coco-nut, pork, turtle, certain 
species of fish, etc., were absolutely forbidden for all females, 
regardless of rank or power. Tlie (ahu laws were enforced with 
the gnnxtest rigor. Alexander states that "two young girls of 
the highest rank, Kai)iolani and Keoua, having been detected in 
the act of eating a baiuHua, theu- kahu, or tutor, was held respon- 
sible, and put to death by drowning. Shortly before the aboli- 
tion of the tabus f a little prl had one of her eyes scooped out for 
the same ofTeose." Until the decadence of the tabu system, 
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bamuuis rarely eaten by Hawaiian females, and then only 
under circurastanceB of the greatest secrecy and danger. The 

ol)joct of these curious food tabus seems to have been to reserve 
the choicer foods for the inales alone. 

A number of the native varieties are suitable for food ojily 
when cooked. These are called "cooking bananas." Heat 
breaks down the starches into sugars and produces a delicious 
sugary syrup which saturates the delicate flesh, and gives it the 
flavor of a dessert or a confection. In modem times these varie- 
ties are cooked in a number of difTorent ways — fried, baked, etc.,— 
but in olden times they were invariably cooked in the Hawaiian 
undorRTound ovon or imu. Custoiujirily a numbpr of foods were 
cooked at the same titiio.as a matterof coii\'eiiienco and economy. 
Each kind, fish, pig, l)n'ad-fniit, baiumas, etc., was wrapped in 
Li leaves. The pit was lined with porous lava stones, which had 
previously been heated by means of a wood fire built in the pit. 
When the fire had burned out the pit was lined with H leaves, to 
protect the food from the hot stones and ashes; the food was put 
in place; a covering of ti or banana leaves was placed over the 
packages of food; and then all was covered with earth. A small 
hole waf made by nif^aiLs of a stick standing vertically; water was 
)!f)iir''d into tliis hole; upon comiuj; into contact with tlie hot 
stones it was converted into st^ani, and tiius ti;e food was thor- 
oughly steam cooked. The food remained in the oven for a 
number of hours, — the time depending upon the quantity of food, 
etc., then the cover was opened and the food removed. Bananas, 
as well as other food cooked in this way, attain a delicious and 
distinctive flavor that does not ae&a to be secured by any other 
method. The cooking bananas are in common use among the 
white people of the islands, and command a good price in the 
markets. Their popularity is bound to increase steadily, as 
their merits become more widi^ly known. 

.Vs intimated early in this paper, there was an epocli in which 
the nati\c bananas were suffered to fall into abeyance, but iliat 
epoch is now happily past. Much interest has been manifested 
in recent years in the commercial exploitation of the Hawaiian 
bananas. It is only a question of time until the best of these 
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valuable and distinctive native varieties will attain a place among 
the important exports of the mid>Paeific. Certainly the cooking 
bananas have open before them a field free from competition, 
and interesting to contemplate fnm. the standpoint of the Amer- 
ican flietar}'. The Hawaiian canned pineapple hiks developed 
for itself a phenomenal market, perhaps the native banana will 
eventually do the same. 
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J. M. McGEE 
Vmpertily of California, Berkeky, Caiijornia 

The data obtained by MacDougal as to the sweUing of bioool- 
loids oompoeed of agar as a bade carbohydrate and of varying 
Hfoportions of different nitrogenous substances aiTord a basis for 
the interpretation of the g'oneral constitution of plant tissupf.' 
This was borne out by the results of ^^ome swelling tests of marine 
alfjae made at the Coastal Laboratory, rarmel, California in 
July and August, 1917. The results include other poitits of 
intereet as demsribed b^w. 

Iridaea UmunariMdeSf CHgariina exasperataf and G, mafnmilr 
losa vat. dmeetaf red algae growing on the- rocks near Carmel, 
were chosen for the tests. These plants have a sap balanced to 
the imbibition and osmotic pressure of sea-water containing about 
total salts, and the effect of various substances was ob- 
(aii^ed hy adding them to sea watgr in which sectioiLs were to 
be inuiiersed. .Measurements were made by the Uiie of Mac- 
Dougal s ]>rix i!siuii auxograph (sec table 1). 

The imbibition of IridoML Imninarimdea indicates a high propor- 
tion of amino-acids, as shown by the greater sweUing in the acidt- 
fied solutions. GigarHwif however, gives measurements indica- 
tive of the presence of an agar-like suljstance, in greatest pro- 
portion in mature fronds. Tliis diagnosis is supported by the 
results of swelling dried material. 

Smooth young laminae of Gigarlina ezasperata were washed 

' MacDougal. D. T., Imbibition;il swelliiiK of pliinta and colloicitil mixtures, 
i^ieaoe M: 002-505, 1916. The effect of «cicU and salts oa the ewelliog of 
bioeotloids. Science 48: 28ft~272, 1917. 

MacDougal and .S|Kjehr. The behavior of certain gels u.>4eful in the interpreta- 
tion of the action of plants. Science. 46: 484-488, 1917. Growth and imbibition. 
Proe. Amer. Phil. Soc. 66: 289-^, 1917. See also rupurts of the Department of 
Bot. Research, Carnegie Inst, of Wash, for 1916 and 1917. 
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TABLE 1 
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in fied) running water for twenty-four hours to remove sea salts 
and then dried between filter papers. Trios of sections of these 
dried laminae were swelled in TiCl, in foo NaOH, in distilled 
water and in the sea water solutions mentioned above with 
results as shown in tabic 2. 

An extraction wius made from eaeh of these species by heating 
several grams of the plants wlxich luitl [)reviously been washed 
for twenty-four hours, dried, and finely ground for two or three 
hours at the temperature of boiling water, and then straimng 
through four thicknesses of muslin. The extract so propared 
was a pale straw colored viscous fluid which would not solidify 
completely when cold but became voy thick and viscous. The 
extract from all of the species was fairly uniform in cliaracter. 
Dried plates were made from \) grams of agar and the extract 
from 10 prams of the tlry Gigartitid cxa.^pcrala. Trios of sec- 
tions from theiic platei> were swelled (ssee table 3). 

The analysis of the moisture-free material extracted from the 
alga and extended with the agar gives the following: 



The washed and dried algae on analyas gave the following: 



The swelling of the dried sections, gives figures indicative of 
the presence of a large proportion of an agar-like substance, a 
smaller j)ro}iortioa of amino-ac uis, etc., and salts, and when the 
extract was mixed with agar the imbibition iu water, acid and 
alkaU, confoims to an expectancy of compositbn baaed on Mao- 
Dougal's conclusions of the swelUng of biocoUoids, wUcb is fully 
ccmfirmed by the chemical analysis. 
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Moisture 
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BOOKS AND CURRENT LITERATURE 

Woody Plants of Swir/ERLAxn. — This is tlio fhiril of a scries of 
studies of the woody flora of Switzerland, each being fonfincd to a 
single ainall region.' The present refei-s to the upper Rhine valley, 
extending from the Upper Alps to Ilans-Sehleuis (Canton Grisons). 
It is divided into five parts and includes appendix ocmtaining a brief 
bibliography relating to the subject, four phototype plat^ and two 
topographic maps on a scale of one mile to the inch. The maps ar« 
models for detail, and Ixvsides topography indicate in colors and char- 
acters all the forest I , -matious even to important single groups of trees. 
Part I discusses the geography, orography, geology and climate of the 
region; part II gives a catalogue of the woody plants, so amplified as to 
cont;iiii a (kvscrijifion of their botanical and silvical cliararforistic?. A 
signiftrant feature of the cataloiruc is* tiie fact that the author adlieres 
strictly to the Lmncjm nomenclature, in striking contrast to the practice 
of American botanists to adopt new names. Part III describes the 
various plant foimations, arboreal and herbaceous and their sueoesnons 
and :ispects. The herbaceotis vegetation characteristic of each tree 
fonnutioii forms an important part of iho description. The author 
comparer present forest conditions under each formation with those 
existing in the primeval forest, using as proof of his idea of original 
conditions the many sub-fossil forms of wood and fruit he found and 
the history of the region. Part IV is devoted to the agriculture of the 
region and the part it played in changing the physiognomy of the 
forest. In this part he also ties in the success or failure of certain crops 
with the site factors that control the character of the forest. In part V 
the results'of the study are reviewed. 

The work has a scientific interest in that the author does not confine 
himself to a mere dry statistical presentation of his subject. Imt ex- 
plains the ecnlogj- of the recioii aiul ;iiial\ zo (lie factors, both i>hysical 
and biological, respon-^ihli' foi' tlie pi-escnt forest and woodland con- 
ditions. His studies reveal a piofound geuetic connection and a close 

' Hhklt, p. K. Erhchiingen iiber «lie Verbrcitung <Ior wildwachsenden Holz- 
artca in der .Scliweiz. Lieferung d. (ifbict dcs Vorderrhcintalcs (Kantou 
GraubQnden). Pp. 331, pis. 4, map* 2. 8chweis. Depmt. des Innero, Bern., 1916. 
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cultural relation between the forest and woodlands, and the pastures, 
farms and meadows which man had wrested from thr primeval forest. 
The historj' of the culture of the region is traced back to the seventh 
century. Duriog the intervening thirteen centuries the handUng of the 
forests, meadows, famis and pastures remained practically stable. The 
present forest may still be considered natural, since it originated from 
natural reproduction alone, artiricial roforostatioii dafiiij* back only 
fifty to eighty years and amountinp to al)out 1' of the total. It was, 
however, profoundly influenced by man, he and hm domestic animals 
having left on the physiognomy of the fewest and its boundaries their 
indehUe imprint. 

The territory alcove IlailfrS^I^liB through which the upper Rhine 
and its tributaries flow, minnri-jcs a region of deep alpine vallov!^ and 
embraces an area of al)out olKi square miles north of the Central Alps 
in the western pai t of the Canton Grlsons. 1 .le main valley under 
oonsideratioii is about 50 miles long, has an eastn'ly direction and is 
comparatively straight and broad. On both sides it is flanked by 
high rugged mountain ranges, many of whose canyons head in perma- 
nent placiers. The elevation of the upper Rhino at Tschamut near the 
upper and west end of the valley is about .>100 feet above the sea level, 
while at Hans, the eastern boundary of the region under study, it has 
descended to 2300 feet. Hie elevation of the^^closing mountains is 
from 9000 to 1 1 ,000 feet above sea level. The average annual piecipita- 
tion in the valley varies from 39 inches to 45 inches, the average monthly 
during the growing sea.«?on. March to September, being 3.5 inches to 4.0 
inches. Moist .south and southwest winds bring in this large precipita- 
tion. The winter snowfall is heavy and much damage is done through 
snow pressure both in the forests and in the orchards. The author 
speaks of our own black locust, planted for ornamental purposes, as 
withstanding the winter snows only with difficulty. 

The author presents ample evidence that the region was once heavily 
forested and that the forest was made up of a number of strongly indi- 
vidual types according to exposure and soil and moisture conditions. 
Besides forests th^ Were originally open grassy "parks" and heaths, 
whicfi I xi t in part today. At present the forest cover oidy frag- 
mentary . Tlie phototype plates in the appendix give a very vivid 
pictui-e of tills condition. Farms and pastures now occupy sites which 
were <mce heavily timbered. Man cleared the benches having southern 
exposures before he attacked the valley. These benches are now 
largely abandoned. 

tm* KAMT WOUBi, TOk SI, RO. 1 
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Originally the valley meadows conaisted of aaaodatiooa of AffroMa, 

Phragnn'ks and Typha, und were entin ly free from conifers. Now 
.•il(l(>rs and wil)ow.«! contend for control, while occasional Scotch pines 
obtain a ftMitliokl. 

The broad leaved or iianlwood forests, whose predominant species 
are Querew tesaiUftom and Pagu* tibxaiea, occupy the loiver slopes of 
the mountains. Their aUitudinal range is from 2300 feet to 4200 feet 
above sea level. No well defined line divides the hardwood forest from 
the coniferous forest. <^>fher hardwood.s^ — birch, cherr>', alder, sorhns 
and others are found along with some conifers mixed iu with the oak 
and beeeii, giving the forest a mixed aspect. Oak is more ty|»cal oi 
south slopes, while beech prefers north slopes. Oak bean fertile seed 
at 4200 feet, but where it is scattx?red at higher elevations it b only in 
occasional years tliaf fcifilc seeds are lx>rne. This- pivcs one reason 
why the author Kclit-ves ihc orininal upiior limit of this hardwood forest 
to liave been iughei- than it is now. On north sloi)es spruce, (P. exceUsa) 
and fir (A, atba) compete with the hardwoods, while on the soutii dopes 
Scotch pine (P. aib^ettrig) endeavors to establish itself. Notwith- 
.standing the intrusion of these cm r the forest is essentially one of 
hardwood species. Birch, .'ilfhoucti it makes no pun* forest .niiywhere, 
is widely st-attered ihrou^jhout the forest. The liardwood fon'st suffered 
much greater change thoough the intrusion of man than the higher conif- 
erous forests. Only cmnparatively small patches of it remain, the 
rest being taken up by hill farms and pastures. ( *ol]ectively, howcver, 
there is still aluuKkint hardwiuid limlu'r of ^ood size. 

From 4200 fet t to }7(K) feet tlie forest has the aspect of a transition 
type, merging the hardwotKi U^lt with the subalpinc coniferous forest, 
whose uppef limit in tum is given as 7000 feet. This coniferous forest 
consists on the south exposures of more or less stunted Scotch pine and 
mountain {une (P. monUtna), and on the n<»ih exposures of spruce, 
white fir and large mount;»in pine, while according to tlir site, may }>e 
found in mixture scattering six*ciuiens of birch {B. bcltdu), a«pen 
{P. tnmula), alder {A. viridis), willows, mountain ash {S. aucaparia 
and S. aria) and sycamcwe (Acer pseudojAakmus). From 7000 feet to 
about 7o(X) feet the forest uradually approaches timber Hne, and the 
subalpine herbiu n flora Ix'comes prominent. About timber line 
and up to about SN(KJ feet flnnrish alpine jrrJi-'^ses and ericaceous shrubs, 
such as rhododendron and vaccimum with which are mixed some 
junii}er (/. communis) . 

The studies indicate that because of the advent of roan and his 
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domestic animals, hardly a single forest type, except perhaps the liigher 
alpine, escaped considerable disturbance. Both the borisoDtal and 

altitudinal distributions of species and tyix's have been perceptibly 
altered. The altitudinal limit of the suh-alpiiir zone is said to have 
been lowered 800 feet, mainly Ix'cause of hre and cutting. Alpine grass 
lands have iu this way been extended. Suceesaon in this zone is inter- 
esting. Recent dear cut areas are appropriated by alder (Alnus 
viridia) wherever the site is favorable to the species. This formation 
remains pernifinrnt if it is cuf pciioflirally or «"tirrr it is sfroiifily in- 
fluenced by grazing. Without thcHc two factors opcratiiiy;. the alder 
type is simply a phase of the succession tending to bring about a new 
forest of oonifere. The various suooesaioits take place in a relatively 
short space of time after cutting. First occurs the occupation of the 
area by alder and scattering willows, birches, aspens, mountain ash 
and maple, then conies a slow but steady advance of > oung conifers fol- 
loweil by a disapjiearance of the tempxirary liardwood cover, and tiuHlly 
a renewjU of the original coniferous type. Within the present openings 
on which are riiododendron and vaccinium, conifers attempt to crowd 
In under the protection offered by the shrubs. However, if they are 
not trampled and browsed by stock and attain sizt . tliey are cut down 
by alpine settlers or destro}'pd hy fires- set by willful herders. 

Tiie influence of man and cattle in changing the distribution of species 
is impreesive. It is reflected in a surprising uniformity in extended 
spruce forests, the presence of other conilers only as admixtures and 
the decrease ci the once prominent white fir through management fav- 
oring the more valuable spnicr. alfhoiisb white fir posspasf><i very strong 
rppnuiuctive enert:\ and is a vigorous competitor for control. Scot<^h 
pine is now intermixed on the south slopes as a subordinate tree, but 
since 1001 it has been used considerably in artificial restocking. Heavy 
cutting combined with low temperatures have mitigated against this 
pine in the upper valley. It attempts to invafic the valley meadows, 
but seldom wins against the rompetitioT) of the alders and willows. The 
distribution of larch (L. dccidua) is now conspicuously light compared to 
its former abundance in mixture with Pinm cemibira on forest borders 
due largely to destructive management made more serious because of 
the tree's great intolerance of shade. Larch and Pinm mnlira are 
now lieinp used in artificial reforestation, lentil strict modern forest 
ri Liijlation and manageuicnt was instituted by tlie state, the t"ore<ts of 
tlic region were grossly mismauagetl, unregulated clear cutting being 
the rule. 
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The influence of man on the distribution of hardwoods is even more 
noticeable than amonfr the conifers. Most iiniwrtant, the hardwood 
forests hein^; in the zone of husbandry imd lo give way rapidly to cul- 
tivation; lurtherniore, ihcy suffered severely because of a shortsighted 
and wasteful management of what was not cleared. Tb^ followed 
also as a consequence an extension downward of the coniferous zone 
brought about by the release of conifers from competition with the 
hardwoods where the two were in mixture. In rnntrast to the restric- 
tion of the haiiiwood forest due to cultivation is the extension and 
^read of single species ovw a wide area, the habit of alder in particular 
in invading newly cot coniferous forests in the subralpine smie being a 
good example. 

As a thorough piece of work Dr. Hater's contribution deserves cnu}- 
mendation. Considering tlu- area under investigation, only about 300 
square miles, his book of over 300 pages seems Imrdly warranted from 
an American point of view until one considers the more intensive rela- 
tionship existing between man and his 'surroundings in an old coun^ 
like Switzerland. The work should be of value to the student of 
ecology as well as the student of scientific forestry. — Emanuel Futx. 

Spectral Color and Stimulation, — The paper under notice' is 
a continuation of a series of studies in light response of lower organisms 
which, although more largely concerned wKh alRue than the lower 
animnls, .ire unfamiliar to most l)otaniKts since the result.s have been 
published in zoological periodicals. In the author's previous .studios 
he found that in a field of white light consisting of two beams crossing 
at ri^t angles, the organisms proceeded towards or away from a pi int 
situated between the two beams; the location of this pmnt bcong depen- 
dent npon the relative efTectiveness of the two beams. The present 
series of experiments is based upon the assumption that if an orparysm 
exposed to light from two sofirees proeeed!» towards oi- away fiorn a 
point midway between tlie two, the light receivetl from the two sources 
is equal in stimulating power no matter how it may differ in quantity 
or quahty. Knowing the wave length of the beams of tight producing 
the field of illumination it is possible to compare the stimulative 
effect of rays of light of different wave length. 

Although a large number of uueHtigators have studied the effect 
of different qualities of light upon plants but few have taken up the 

*MMt, S. O. The ralation b^ween apeotral color and siimulatioa ia the 
lower oTganums. Jour. Exp. Zoflt. tt: 471^538. 1917. 
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quwtion of the relative stimulating efRciency of light rays of diiTemit 
wave length. The various observations on the effect of Tight tipon 
plants have been admirably suniinanzed in tabular form by tlio author. 

The algae studied include various Englena species, Phacm Iriqmter, 
TroMomonaa eucAIons, Chlamydmonat ifidbuloM, Gmium pectorale, 
Pandorina merumf Buiorina degant and SpondyXomonm guaternaruan. 
In all of these fonns certain spectral colors are much more effective 
as stimulating agents than others. Thus for Pandorinn mrmnn (table 
10, p. 509) the greatest response, calculated on the basis of equal energy, 
is found in Ught rays 524 nn long, the response diminishing rapidly 
on either side of thb point in the spectrum. Hiis is correlated with 
the luminous intensity, for if U^t on either side of the maximal point 
in the spectrum is sufficiently intense it is more effective than the light 
at the maximum. In any species the distribution of the response to 
rays of different wave length is the same regardless of changes in phys- 
iological condition, environment, or nature of response. The curious 
point brought out by these investigations is, however, that the nuud- 
muiii is practically the same for certain species that are not closely 
related (Euglena and Gonium) wliile clo.sely relaterl species (Gonium 
and Pandoi'ina) do not necessarily have the same maximum. 

The experiments were carried out in the Nela Hescarch Laboratory 
of the Goiersl Electric Company and the assistance which a purely 
eonunereial company has giVen to a study of this type, which has no 
apparent commercial value, is worthy of commendation by all scien- 
tists. — GiLBBBT M. SlOTH. 

The Strawberry in North Ameuica. — Of particular interest to 
horticulturists is the new woric on the history, origin, botany, and 
breeding of strawberries.' There liave been .several attempts to trace 
the origin of our cultivated strawberries of today. In his review of 
the subject in 1806, L. H. Bailey remarked that "Perhaps there is no 
other plant which has more quickly obscured its own origin." The 
■ author of the present work agrees with previous writws that thrae 
species make up the possible foundation stock of our present varieties: 
Pragaria virginiana, the common wild strawl)crry of Ea.storn North Amer- 
ica; F. chifocns^s, tlie Cliilean berry native to the Parifie coast of both 
Xorth and South Amenca, mid f . aitn nassa the pineapjile or pine straw- 
berry which appeared rather mysteriously in I !uroi)c in the middle of 

' Metcher, i). W. i'he strawberrj' in North America. Pp. xiv 4- 2;i4, tigs. 26. 
The Macmilkn CorapBoy; New York, 1917 (tl.flO). 
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the eighteenth century. Apparently no wild prototype of this pine 
strawbfrr^' has ever been four!'! -nvi as it wus tlcstincd to play a verj'' 
iniportjuit part in stra\vl)eiiy bruuUiiiK, its origin l>eeoine.s a mutt4?r of 
considerable interest. In "Survival of the Unlike," L. H. Bailey, 
after a painstaking study, puts aside the theory of a hybrid origin, 
and concludes that variation induced l)y the change of environment 
froni C'liili (c) Knropo resulted in the direct develnpnicnt of the pine 
from the Chilean, and heiiee the blood of Fniijnrui chilomsis if not pare 
at least preponderates in our present varieties. I- k tcher, in the work 
under review, mardiaUs a number of faets and arguments in support 
of the older idea that the pine strawberry was a hyt»id between L. 
virginiana and F. chiloemis. He brings into more prominance the 
historical fact that the original importation of fiw plants of F. chiloen- 
818 taken from (Joneepcion, ( "hile to Bre^t, I'raiiee by Frezier in 1712 
were all pistillate and that inasmuch tis u nuaibet of hermaphrodite 
varieties of F. virginiana had already been growing in European gar- 
dens for a hundred years, the origin of the pine strawberry as a ehanee 
hybrid lx;tweea these two species is well within the range of probability. 

In the chapter on breeding, pagp 213. we note the following: " 'Pedi- 
gree' strawberry plants have not proved to be permanent departures 
from the type of the variety .... It is evident that few if any, 
permanent varies may he expected from this source. ... It 
would be better if they were sold for what they really are — selected, not 
'pedigroe' plants." 

On the whole, Dr. Fletcher's book forms a welcome addition to the 
literature of American horticulture. — J. Eliot Coit. 
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An informal Tncetinc of editors of botanical journals was lifld at 
Pittsburgh on December 28, in response to a call from Dr. Donald 
Reddick, to consider the feasibility of fouudiug an American journal 
for the publication of abstracts of the currrent botanical literature 
of the world. So much interest was expre^ed by the thirteen men 
present that it was dccidtMl to hold a incM'tinfj on T>prpmb('r 30 and to 
invite all of the botanical societies gathered at Pittsburgh to send repre- 
sentatives to it for a further discussion of the project. At the second 
meeting a feeling was unanimously expreraed that a journal of botanieal 
abetraoto would be of great value to all botanists and that its finan- 
cial si^port would not present serious difficulties. Conaidmtble time 
was spent difscussinp means of providing funds for the journal, and 
in settling upon some of the motit important features of its format, 
typographical style and contents. 

This meeting of twenty-five men formally organised as a Committee 
on Botanical Abstracts, and took measures for its own perpetuation 
by the appointment of two mornb4as from each of the societies devoted 
to lK)taniral snbjerts. A Board of Control wiis elected by ballot, ron- 
sisting of ten men charged witii the immediate prosecution of plana 
for Botanical Abstracts. These men are: Donald Reddick, Chairman, 
J. H. Bamhart, H. C. Cowles, B. M. Duggar, C. Stuart Qager, R. A. 
Harper, B. E. Livingston, F. C. Newcombe, C. L. Shear, and Forrest 
Shreve. The Board of Control hild several mcf tiiif^s during tlie last 
days of Convoration Week, drew up the specifications for the journal 
and planned for the apportioning of thit ab^traeling and editorial work. 
The inviting of foreign cooperation in the administration of the journal 
was deferred to a more propitious time, on the motion of Prof. A. H. 
Reginald Buller, of Winnipeg. Dr. B, K. Livingston was appointed 
Editor-in-Chief, a posit ion whieli he agreerl to neeept without emolu- 
ment. Associate Etlitors were cho.sen as follows for fifteen subdivi- 
sions of botanical science; Agronomy and Soil Technologj', R. W, 
Thatcher; Bacteriobgy, H. J. Conn; Botanical Elducation, C. Stuart 
Gagcr; Cytology, C. J. Chandjcrlain; Ecology and Plant Cleography. 
H. C. Cowles; Forestry, I. W. Bailey; Genetics, George H. Sbull; 
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Historj', biography and bibliography, J. H. Rariihart; Horticulture, 
W. H. Chandler; Morphology, E. W. Simiott; Paleobotany, H. W. 
Berry; Pathology, Donald Hcddick; Pliaj-macognosy, Henry Kraemer; 
Physiology, B. M. Duggar; Taxonomy, William Trelease, J. M. Green- 
man, J. G. Schramm. 

The results of work on the natural rpproduction of Douphus fir and 
western white pine have recently Ix^n puiilished in the Jourual of 
Agricultural Kesearcli by Mr. J. V. Hofntaiui. inve^stigations carried 
out in WaahingtoD, Oregon and Idaho indioate that the reappearance 
of these, trees after a burn is chiefly due to the genninatkm of seeds 
buried in the deep litter of the forest floor. Seed trees are unable to 
restock the forest for a distance of more than 3(X) feet. A second burn, 
destroying trees too young to have siied seed, results in a severe check 
to forest reproduction. The findings presented in this paper are of 
considerable importance in the theoretical (Oeetiasion of suceeBsion as 
well as in their bearing on forest management in the northwest. 

A Flora of the Rocky Mountains and Adjacent Phiins has just ap- 
peared from the hand of Dr. Per Axel Hydberg, of the New York 
Botanical Garden. The work covers Colorado, Utah, Wyoming, 
Idaho, Montana, Saskatchewan, Alberta, and parts of Nebraska, 
South Dakota, North Dakota and British Columbia. It contains 
1110 pages and is privately publislied by the author (price S3.75). 

Mr. V. C. Finch and Dr. O. E. Baker have prepared a publication 
^titled Geography of the World's Agriculture, which will appear at 

an early date as a Contribution from the Office of Farm Management 

(if the Department of Agriculture. It will l>e a book of 150 pages, 
ahundantly illustrated witli maps showinp the (piantitative distribu- 
tion of the leading agricultural products of the world. 
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RAUNKIAER'S "IJFE FORMS." "LEAF-SIZE CLASSES," 
AND STATISTICAL MI-THODS 

GEORGE D. FULLER 
Unwertity o/ ChUago, CHeagOt JUinoit 

ASD 

A. L. RAKKE 
Iowa Stale CfdUge, Amea, Iowa 

I. TRANB1A10B8' NOTE 

• 

The importance of the work of C. Raunkiaer in giving needed 
emphasis to the study of the perNimal vegetative organs of plants 
is too well appreciated to require comment. His publication in 

the Danish language tended to prevent American ccologists 
from becoming familiar with his "life-forms" until \m various 
papers upon the subject wore so wol! siimmarizeti by Sinith ^ 
Tho svihsoquent appearance of two arrir[i>s floalinp; with Hiinilar 
topic.-, seemed to make it desirable to ^iw^ ius suggestive ideas 
wider publicity by preparing the following somewhat abridged 
translation. This was made possible only through the knowl- 
edge of the Danish language possessed by the junior author. 

As it has not been practicable to obtain Raunkiaer's approval 
and revision of this article the translators accept full responsi- 
bility for any errors of interpretation or expression that may 
occur Init they tnist that such inaccuracies may in no way de- 
tr I I 1 roni the understanding and appreciation of these methods 
of the quantitative study of vegetation. 

n. LBAPHSIZB IN PLANT GBOaiUPHT* 

la order to compare the value of various phenomena, the 
material under investigation must be brought under similar 

■ Smith, W. G., Uaunkiocr'g Life-forms and statistical methods. Jour. £coL, 
1: 16-26. I9I3. 

> Bnunki:ur. C Om Rladfittfrrelsetis Anvendelw i den bioIogudEe Plaatogeo" 
grafi. Bot. Tidijk. 33 : 225-240. 1916. 
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conditioDS and while I would not say that we must always 
expre^ our results numerically it is evident that where scientific • 
comparisons are undertaken we should he able to prp-^«^nf phe- 
nomena mathematically or in terms that are as dcfuutc and 
unmistakable as numbers. In the lield of biolojf>% \\ herp there 
are so many complexities of form and character, it is often a 
difficult xaattN to meaBure, or estimate with exactness the 
value of a single character and thus determine its significance. 

Ecology is one of the most difficult branches of botany in this 
particular, not from any specific poculiarif y. !nit because it em- 
braces all the relations and all the dithculties of botany taken as 
a whole. Thus every fstudcnt of l)otany is concerned with 
ecology because it iucludcs plant behavior under all existing 
coiKiitions. 

The factor most frequently emphasized in ecology is tliat of 
water. During the last forty years, especially during the last 
quarter of the nineteenth century, plants have been classifi^^ 
according to their water relations. They exhibit variations of* 

stnicture which serve to protect them against excessive trans- 
I)irat ion and hence they exist in liabitats where excessive evapo> 
ration occurs, nr where ah«iorption of water is difficult, either 
because of physical or i)hysiolojj;ical factors. 

These variations of structure are sneh thinKf' as (1) protect i\ e 
coverings, (2) thick epidorniis, (3) hypodennal tissue, (4) water 
storage tissue, (5) coverings of hairs, (6) protective devices 
for stomatal openings, (7) deptessbn of stomata, (8) pits en- 
closing the stomata, and (9) a decrease in the area of leaf sur- 
face exposed. 

Again it is apparent from the nature of the case that it is a 
difficult matter to reach an exaet Cfuiehisinn leased upon the 
biological (ecological) characters of a sinfz;le plant connmini'iv. 
The members of such a community exist inp; under arid condi- 
tions are s(»me of them present on account of acquired charac- 
ters of one sort while others exist because of quite different 
adaptations and we cannot obtain the quantitative value of a 
single character or of a single group of characte r. 
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In gpiioral it is sufficient to obfprvo tho outstanding character 
without proceeding with a istutiritical study of it as related to 
the environmwt. A statistical investigation for the purpose 
of ascertaining the importance of a single character, to be sue- 
cessful, must be directed so as to treat thexeromorphic charac> 
ters of various plant societies in exactly the same way. 

A comparison of a aeries of evergreen phanerophytic commu- 
nities, such as a tropical rain forfst, a mpsophytic tropical ever- 
green forest of the West Intlies, and a thicket (Maquis) of the 
Mediterranean Region reveals among the various adjustments a 
decrease of the transpiring surface, a decrease in leaf-size, as one 
of the main features-. This character not only plainly evid«D;b^ 
but also oompaiatively easy to measure, and is readily accessible 
for the application of statistical methods. And yet difficulties 
are encountered in such an investigation. 

What shall be the units measured? The leaves, the physiol- 
logical units that are present, correspond to the morphological 
units, but shall we compare the simple leaf with the leaflet of 
a compound leaf or with the entire leaf If we compare 
the simple leaf with the compound leaf of the same life-form 
in the same community, as for example, the canopy of the 
East Imfian deciduous phanerophyte forest, we find that 
the compound leaf generally is mudh larger th^n the simple 
leaf, and belongs lb higher "sise-class'' than the lattar, henoe 
the leaflet is more nearly comparable in size to the simple leaf, 
even if some of tlie leaflets are somewhat smaller. Conse- 
quently, it natui-ally follows that the leaflet is to be r^arded 
as the biological unit rather than the compound leaf. 

A still greater difficulty is encountered in dealing with the 
lobed leaf, which presents all variations from the simple to the 
compound, •but we shall regard the lobed leaf without further 
discussion as a sunple leaf. Neither is it as easy as it might 
appear to determine the prop^ place of lacerated and dissected 
leave»: in some cases it seems natural to regard the whole leaf 
as a unit, in other cases a single lobe, and in still others ri series 
of lobes seem to constitute the unit, which must be compared 
with the simple leaf. 
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Considering the difficulties mentioned above, before we make • 
use of the variations in leaf size to characterize a given forma- 
tion we must distinguish between and detamine the number of: 

1. Species with simple (including lobed) leaves, 

2. Species with (a) lacerated leaves and (b) dis^cted leaves. 
It is apparent that the size of the three groups will give some 

interesting data concerning the foriiuition under eon.sideration. 

It is necessary to treat ev^rv life-form by itself; for example, 
the e\ ergr(^en cannot l>e treated in the same group with the 
deciduous inesophanerophyte, etc. After the^ material is di- 
vided into groups, according to their life-forms, the "leaf-size" 
of each species in all the groups, or in one or more of them, de- 
pencSng upon which are the most important, is determined. 

If the arborescent vegetation of a tropical phaneroph>'te foV^ 
nation is exanuned and found to consist of (1) 1% deciduous 
phanerophj'tes, (2) 99'^',', evergreen phanerophytes, in which (a) 
9% have fomjxjiiiui, lacerated and (lissecied leaf-blades, (b) 
90% have simple including lobed) leaves, then the first thing 
will be to determine the ' leaf-sizes" of the species in this last 
and largest group. 

It will be easier and more significant to investigate the group 
or groups with the simple (including lobed) leaves for generally 
these will be far the most numerous in all phanerophyte and 
chamaephyte formaj>ions. Consequently I shall confine attMi- 
tinn to this group and determine the "leaf-sise" for every 
species. 

An exact determinatioti of the area of leaf surface cannot be 
undertaken because the leaves of the same plant will vary more 
or less in size and because such measurements would take 
much longer than the importance of the results would wairant, 
rather in all practical comparisons of leaf-sise it will be neces- 
saty to separate the leaves into a number of classes according 
to size; and for all ordinary cases there must not be too many 
classes It sliould be very easy, from the very outset, to ref«r 
a j)!.'int to the proper class based upon "leaf-size." 

1 he primary cjuestions are: (1) How many "size-classes?' and 
(2) What arc their linutiitions? I am in favor of a few classes 
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ooly for isencral comparisons; tliese may be subdivided when, 
necessary, and I have decided upon six "size-classes" proceed- 
ing from the smallest to tbe largest blade, and have given the 
following names which may be used as adjectives as well as 
nouns: lieptophyll, Nanophyll, Microphyll, Mesophyll, Macro- 
phyll, aud Alegaphyll. 

In determining the limits of a single class I took a progressive 
series of dry leaves varying much in size, and separated them 
tentatively into six classes. I placed them upon millimeter 
paper and carefully noted where the houndary between the 
six classes could be set. I also persuaded a numbor of botanists 
aTnonj; my colleague*; to consider the same problem. The re- 
' suit has caused me to set the upper limits of the lowest "size- 
class." Leptoj)hylls, at 2," square millimeters. Five consecu- 
tive ijiultipUcations by U give products that respectively cover 
all the material. The limits between the various classes are 
represented accordingly: 

1. Leptophyll, 25 sq. mm. 

2. Nanophyll, 9 x 25 sq. mm. * 225 sq. njm. 

3. Microphyll. 9* X 25 sq. mm. » 2,025 sq. mm. 

4. Mesophyll, 9' X 25 sq. mm. = 18,225 sq. mm. 

5. Macrophyll, 9' X 25 sq. mm. = 164,025 sq. mm. 

6. Megapliyll. 

Originally I multiplied by 10, but the resulting limits between 
the "sise-classes" did not seem as natural as when 9 was used. 
It is easy in the final analyses to separate the single classes into 
the groups of small, medium, and large. As shown by the dia- 

grams (fig. 1) I have produced a graphical scheme whereby the 
leaf-size is indicated as well as the limit betwe^ the ditTerent 
rl;i^-f's. The leaf blade whieh is smaller than figure a (25 sq. 
nun. J is a lejitophyii; that which lies between figures a and b 
(9 X 25 tiq. nun.) a nanophyll; between b and c (9^ X 25 sq. nun.) 
microphyll. The size represented by the limits between n ac- 
rophyll and m^aphyll gives a dimension that is practically 8 
times the size of the ^tire figure. 

Usually, by a comparison with these standards, it will be an 
easy matter to detomine the class to which a certain leaf be- 



Fig. 1. Clraphicnl rcprpsentation of the limits betwern thf difTprrnt "lenf^sizc 
clasttcii. " Leaves smaUer tbau a are leptophylU; between a and h nanophylia; 
between b and e microjAylle; between e and twice d meeopbyllt; between twice 
(I and eight times the area of the entire figure maerophylti and all larger leaves 
are megapbylls. 
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longs. We shall even be able in the majority of cases to obtain 
the corrert size without the assistance of the plate. A plant 
whoso leaves are ilistrihuted between nanophylls and niicro- 
phylls may be regarded aa a uano-niicrophyll, etc. If we wish 
in a given case to determine exactly where, a leaf belongs, we can 
make use of paper whose weight per square cratimeter is known' 
and from it cut out the leaf area, weigh the same and compare 
its weight with the wei^t of same paper which ootrespondB to 
the limit between microphyll and mesophyU; namely, 2025 
sq. mm. 

As to the advantages of this method, I would say that in this 
way we can easily interpret climatic factors in terms of leaf- 
size, and we can compare conditions in two climatic areas whose 
responses to climate differ in some outstanding particular, such as, 
for example, that of bud protection, below the surface of the 
substratum (in llfe-fonn), and demonstrate that .the climatic 
diffa^mees give a muiation in leafnnse. We may also note 
whether the variations exist when we investigate the V^;etat ion 
of countries with similar climates but with flora composed of 
different species. 

We may im-estigate by this method formations which vary 
in different areas but in which the organisms are so similar that 
the various formations have assumed a conunon aspect, and we 
here possess the means of determining to what extent the re- 
action is. different in so far as its character is revealed in leaf- 

« 

sise. I shall endeavor to illustrate this by a few ^camples, com- 
paring several Europc^an evergreen scrub formations. These 
examples arc taken from those I have investigated by statisti- 
cal u rilpnr(>) method. In a given formation it is neeessart' to 
detcnuinc first the degree of frequency of a species and use this 
index as a foundation for the eomjiarison, and thus significant 
aud reliable results may be obtaiued. 

As examples of evergreen shrub 'formations, I have chosen; 
(1) a west Jutland heath — Calluna vulgaris formation, (2) a 
marquis or thicket (Garigue) in southern France, Erica' mutH^ 
flora formation, (3) a mountain maquis in northeastern Spain, 
Arbutus unedo and Quercus coccifera formation, (4) a thyme 
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heat h uix)n the dry hills of the interior of northern Spain, Th^us 

hietnalis formation. 

These four fonnations were examined by the "valence method." 
Results are givLii iu tables 1, 2, 3 and 4. These tables show 
the characteristics of the formations in question in so far as 
' nanophanerophytes and cbamaephytes are concerned. For 
the west Jutland heath and the southern France maquis there 
are also included species representing the phanerogamous flora 
as a whole. This is not the case with the formations from north- 
ern Spain whore the phanerophytes and chamaephytes only 
are in evidence. There is no similarity hetwron 1 ho small shrubs 
and the remainhig lifo forms. It is crrtaiii tfiat lliose are es- 
sentially shrub forniatitjus; fonautious in which the nano- 
phanerophytes and chamaephytes predominate. 

In tables 1 to 4 the dominant species of the formation are 
given in ord^ of importanee, and the other species are arranged 
alphabetically. In the first column aSter the name of the species 
the "life-foim" to wliich the species belongs is given, in the 
second the species* valence in terms of per cent, and finally in 
the third column there is piven the "size-class" of all the simple 
(including lobed) leaved evergreen phanerophytes and cham- 
aephyt<*s. 

The tables show four formations differing in various ays. 
The nanoi^ianerophytes and chamaephytes dominate most com- 
pletely in the Calltma vulgaris formation, the poorest in numbw . 
of species possessing 5 only; then follows the Thymiui kiemalis 

formation with" 7 species; the Arbutus unedo and Quercus cocci' 
/era formations with 12 species, and the Erica viuUiflora for- 
mation w!tl( "22 species. The sum of the valence numbers of 
the iianophaiu r(>i)hytes and chamaephytes shows the Thymus 
hiemaUis formation standing first. Arranged according to a 
physiological viewpoint, that is, according to the height of the 
vegetation, the Thymus Atemoli is lowest, then follows Cdlluna 
vulfforis and finally the most vigorous Arbuiusunedo and Quer- 
ela cocci/era. 

We shall now inquire whether a significant comparison upon 
the basts of leaf-size can be made between evergreen phao'e- 
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rophytos and ohamaephj'tos with simple ( iiiohidinp: lohcd) l(>;ivt»s. 
From tho facts shown in tables 1 to 4 and from the percontafje 
both of iuiml)er of species and valence of species of phatiero- 
phytes and ciuunuopliytes with entire (and iobed) leaves com- 
pared with the total number of those forms in each of the four 
formations^ the data shown in table 5 are obtained. We at 
once see that the life^fonns in question (evergreen phanerophytes 
and chamaephytes with sunple leaves) are dominant in number 
of species, constituting from 58 to 80% of the phanerophyte s 
and chamaephytes in the four formations, but when we take 
cognizance of the species valence, then this dominance becomes 
more e\ i(ient and the percentages lie between 82 and 99.5, hence 
it ap{)ears that the formations arc more nearly alike than would 
be indicated by the comparative number of species. The four 
fonoations are therefore very closely related in the dominance 
of evergre^ phanerophytes and chamaephs^tes with simple (in- 
cluding lobed) leaves. It is therefore appropriate to undertake 
to compare the "leaf-size" in the ''life-forms" of the four forma- 
tions nnd to attempt to ehamctori •'f tliem in that respect. 

In tables 1 to 4 the last colunm i:i\ (-s the "Icaf-size-class" to 
which each of the species with whieii w(> are concerned belongs, 
and by means of the species' valence per cent in column 2 we 
are able to determine the relative importance of the leaf-sise- 
classes in the formations. 

In the CaUuna vulgaris fonnation there are two species that 
are nanophyll, namely, Ardoafaj^loa and Vaccinium vitis-idaea, 
making with the valence per cent 14 points; two species, Cal- 
Innn vnjgnrh and Empetnim nigrnm are leptophyll, giving to- 
getlier ISS points, tliat is, the nanophylls constitute 1% and 
the leptophylls 93% in the formation. In the Thymus hienialis 
formation all the species are leptophyll, hence it is 100% lep- 
tophyll. In a similar manner the Briea mtiUifioTa formation 
shows 21% nanophyll and 79% leptophyll. In the ArbuJtM vnedo, 
Quercus eocdftra fonnation (table 4) we have three leaf nse- ' 
c!a>sses; namely, 59% microphyll, 27% nanophyll and 14% 
leptophyll. It must be noted that Cistus sahiaefolius is regarded 
as a microphyll. It is often placed between microphylls and 
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nanophylln mid if wo consider its valence percent as added both 
to the micrupiiylls and iianophylb in uur calculations, a slightly 
diffefent value is obtained; namely, 48% microphyll, 40% nano- 
phyll and 11% leptophyll; but it doee not bonoeal the fact that 
the eharacteristic of this fonnation is the rdatively laii^ leaf 
size. 

The result of this investigation of leaf-size in the four for- 
mations is summarised in table 5, where the fonnations are grouped 



TADLE 1 
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TAITT.E 3 ' 

SialiaiictU'bioiogical aruUusit of the Erica-muUiflora formcUion in HoiUk Frane* 
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TABLE 4 

iflalislical-biologiceU analyst* of the Arbulu* unedo formation, Barcelona {50 area* 
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Arbulus unedo and Quercus 
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according to height. It is noticed that the similarity is greatest 
between the heath of West Jutland and the Thyme of northern 
Spain. We see here that in climates differing large!} in a physi- 
cal sense the same life forms may appear. As far as the heath is 
concerned^ it is leptophyil, its xerophytism as a whole being 
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duo to the physiolop^ical dryness of the winter, while the deter- 
iiumng factor in the Thymus formation is the actual dryness 
of the summer. If we examine the species we can easily see that 
the two formations belong naturally to two different climates, 
for in the Thymus hiemaHt fonnation many therophytes are 
developed in a favorable taring. On the other hand it may be 
remarked that within a single community we have such a limited 
area that the explanation may not lie with climate alone. 

The Erica vitiUijlora formation is by far richer in species than 
the CaUuna rulgaris. but in a biolop;ieal sense does not differ 
materially from it. The most \\ iflel}' separated from the heath 
is the Arbutus unedo and Quercua coccifera, both of which are 
much taller and possess larger leaves. 

In table 5, the formations are arranged according to their 
height, the tallest at the bottom; it seems as if the decrease in 
he^t is accompanied by a decrease in the leaf siie. 

Here is shown a reliable basis for comparing and showmg the 
connection between closely related formations. It is especially 
important in cases like that of the Mediterranean region where 
the Maquis is the dominating type of formation, of wide-spread 
occurrence and exhibiting many variations in floristic composi- 
tion. By means of the statistical method these variations may 
be accurately determined and comparisons instituted regard- 
ing each character and adaptation which can be, in some way or 
another, expressed in terms of numerical value, as has been done 
with reference to leaf-dse. The same thmg may be done with 
reference to the protection of the stomatal openings, dunension 
of stomatal openings, thick eutiele. hairiness and other ana- 
tomical features. No difficulty, houc\ «^r creat, must be allowed 
to prevent the introduction, whenever possible, of exact quanti- 
tative methods in plant geography. Thus only will it advance 
beyond the vague and superficial descriptions of traveling plant 
geographers; 
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SOME DYNAMIC STUDIES OF LONG ISLAND 

VEGETATION' 

ROLAND M. HARPER 
CoUegt Point, New York 

s 

Most studies of vegetation hitherto imblished consist largely 
of lists of species, with or without indications of rdative abun- 
dance, morphological or other descriptive notes, illustrations, 
analyses of environmental factors, and speculations about 

surrossinn: all of which tells what the vegetation f"? or nttempt^- 
to explain wliy it is. Tt is also important to take a prap;niatic 
view of vegetation and investigate what it is doing, just a^ a 
man should be judged not altogether by his appearance, an- 
cestry, wealth or position, but also by the good he does. In 
other words, we should try to ascertain bow much growth a 
given type of vegetation makes in a year, and bow much food 
and water it takes from the soil; matters which ought to be 
pretty closely correlated with environmental factors. 

To deteniiiiio the annual increment of woody plants is not 
an oas}' matter, but many foresters have done it for restricted 
arer?'^ f)f forest (and usually for only one species at a time) 
by ineuas of careful measurements and calculations. The 
measurement of the growth of herbaceous vegetation is much 
simpler, but strange to say very little has been done along that 
line, except for cultivated crops, or witii an economic object 
in view. There is practically nothing on the subject in the 
latest botanical text-books and vegetation monographs, but it 
seems that a little work of the kind was done in Kurope al)out 
thirty-five years ago.- The earliest American investigation of 

> Read at a meeting of tho Ecological Society of Ameriaa, Deeomber 27, 1918; 

Aod subsequently Glnborat«d a little. 

^ See C. Scliruter, in Actes du I lime Cougrea laternationai de Uotanique 
(BnneUes 1910), 2: 117-118. 1012. 
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the dynamics of natural h(Tl>a( pous v^etatiop that has come 
to the writer's notice i?i by Dr. David rrriffithf in Bulletin 4 of 
the Ignited States Bureau of Plant Industry (1901), on Range 
improvement in Arizona, in whieh he published some measure- 
ments of the yield of Plantago fastigiaiu near Tucson. In Bulletin 
67 of the same series, by the same author (1904), the investiga- 
tions were extended to a variety of herbaceous vegetation on the 
Santa Rita Hange Reserve, south of Tucson; and Bulletin 367 
of the United States Departmeht of Agriculture, by E. 0. 
Wooton (1916), contains additional data from the same area. 
Tn 1909 Dr. H. L. Shantz measured the yield of two or three 
types of grassland in eastern Colorado.' and a little later Dr. 
A. B. Stout studied a wild hay meadow or grassy peat bog near 
Madison, W'i.scousin, in a similar manner.* A recent European 
study along this line is by Miss Marietta Pallis in an examina- 
tion of the marsh vegetation in the delta of the Danube.* 

Herbs which do not have evogreen leaves obviously renew 
all their aerial ports and some of their subtenanean parts every 
year. Consequently if one cuts a measured area of prairie or 
marsh vegetation at the surface of the ground at the end of the 
growing season he will have the results of a year's activity, 
minus some of the roots, and whiitever foliage may have fallen 
and decayed during the summer. The loss from decay of spring 
annuals, early deciduous leaves, etc., can be largely avoided by 
making two or more cuttings from the same spot a few wee^ 
apart.. In marshes, however, tha« seems to be little loss of 
that kind, and a single cutting late in the season ought to give 
pretty accurate results. 

The vegetation Van he weighed both at the time of cutting and 
after it is thoroughly dry, and then burned to determine the 
amount of mineral matter taken from the soil in a year. \i\ 
analysis of the ash should throw some interesting light on 
the composition of the soil and the availability of its several 
constituents. 

' BuU. U. S. Bur. Plant Industry, 201: 81. March, 1911. 
«TfMi8. Wli. Aead. Set, 17: pi, 18-tS, October 1912. 

•Jour. Linn. Soe. (Bot.), 48: 23»-290, pf. U-95. Jii]y, 1916. 
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One who studies vegetatioti in this way does not need to know 
the names of the plants, nor to worry about the ])(»rnici()us ac- 
tivities of species-splitters and nanio-jugglcrs, whicii have hlled 
hundnda of pages of botanical magazines (but have been con- 
sistently excluded from The Plant World through all its changes 
of fonn and management). Of course there are several sources 
of error to be guarded against, such as personal inadvertenoeSf 
errors of sampling, and variations of growth in different years 
according to the weathor, l)ut some of these tend to counter- 
balance each other, and others can lie reduced to a minimum 
by making numerous determinations in different spots and in 
different years and averaging them. 

During the season of 1916 the writw made meaatiremaKts of 
a few easOy accessible types of herbaceous vegetation in the 
western part of Long Island, by way of experimmt. In most 
cases only one sample was taken, and that may not exactly 
refwesent average conditions, but of course one doee not usually 
attain perfection in the first attenijit. One square yard was 
the unit of area .selected, but the results are expressed iu pounds 
per acre, in order to facilitate comparson with sunilar studies 
already published. (Readers who prefer metric units can 
easily convert than.) 

Each square yard of vegetation was weighed as soon as 
possible after cutting, and then allowed to dry for a month or 
more, with frequent exposures to the sun (and with the assis- 
tance of some artificial heat for some of the later ones), and 
weighed again. A state of absohite dryness of course would 
be Ijetter. '>ut is not so easily attained. Detemiining the ash 
involved m ih ■ minor diificultics. for the organic matter in hay 
will not burn uj) completely of itself, but requires the applica- 
tion of some extonal heat; and suitable incin^ting apparatus 
is not to be found in most homes or even in botanical labora- 
tories. Small amounts of ash were probably lost in the impro- 
vised apparatus used, but that does not materially affect the 
comparison between different szimples. 

The vegetation types studied are as follows: 



Digitized by Google 



DYXAUIC STUDIES OP VE<SBTATION 41 

1. Uplaiiil iiK-adow or woody gniss-land airiong dnollings. 
College Point. The soi! is (leseril)efl ;is "^Nliami stony loam" 
in the government soil survey f»f \\('-.tr7n Long Island (1905), 
and it is aljove fhe average in fei t.ilii..\ , and differs from the soils 
at the other localities nanieil below in being weU supplied with 
eariJiwoms. A few centuries ago it was doubtless covered with 
deciduous forest, ^camples of which can still be seen a few miles 
away. It was probably cultivated during part of the last century, 
and abandoned by farmers when residences became too numerous 
in the vicinity, l^he present vegetation is of a type very com- 
mon in and around New York City, consistinu; mostly of Euro- 
pean we(Mls. sucli as A nthoxanthiini, fyndi/li.s, Phmttujo hincealata 
and Trijdliiiiii jiralcn^e. Two scjuan; yurd^^ about 50 feet 
apart, one partly shadc<l and one more exposed, were cut over 
twice, first on June 29 and next on September 9. The foliage 
that withered away before the first cutting and that which grew 
up after the last would add perhaps 10% to the total bulk. 

2. A jMire stand of Spartina patens in a brackish marsh be- 
tween College Point and Whitestone (fig. 1). One cutting was 
made on September 13, which jirnhably represents at least 95% 
of the year's growth, exclusi\'e of roots. 

3. Typha latiJ'oUa, with about P r of (ith(>r vegetation, near 
the same place, cut on the sajue dale. .V stand of average 
density, about 5 feet tall, with 30 stems (two or three of them 
fruiting) per square yard. When the spot was re-visited about 
a month later no subsequent growth could be d^ected. 

4. l*lirngmH<s com/nuni.s, a large patch in fuU bloom in same 
marsh, about 10 feet tall, with 77 st( ni^ por square yard or 372,- 
()S0 per acre (fig. 2). Cut September I'.i. practirally at the end 
of the seasoti's growth. Quite a number of leaves liad already 
fallen, but those were gathered up as completely as possible 
ami weiglied with the rest. 

5. Typlui anyusiij'olia in a fresh marsh at head of same brackish 
marsh, 9 feet tidl, with 61 stems per square yard, all sterile. 
Cut September 19. If there had been any fruiting stems the 
dry weight and ash would probably have been greats. 

TUt. rLA.vr auH(,o, vi>i.. 21. .so. 'i 
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7* Fig. I. Brackish marsh between College Point and Whitest one, with Spartina 
paten* and Panicum trirgaium in foreground and Typha latifolia in middle distance. 
September 9, 1916. .Samples 2 and 3 were taken here a few days later. 




Fig. 2. Phragmiteit communis (in bloom), with .S'/<ar/ina palens in foreground. 
September 19, 1916. Sample 4 was taken here. 
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7. Hempstead Plains/ about 3 miles S.S.E. of Westbury. 
V^^ation mostly Andropogon scoparimf with some lonaetu 
linari^oHus and a few other plants, somewhat spaner than the 

average for this aroa. October 3. 
7. Hempstead Plains, about a mile S.8.E. of Westbuiy. 

Vegetation denser than the average, nearly all Andropogm 
acoparii"'-. ^vith euhns about 3 feet tall. October 27. 

The folio wing table gives the results of the weighings, in 
pounds per acre: 
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Fkobably little signifieanee is to be attached to the wini^ts 
of the fresh vegetation, especially in the last two, which were 
cut in October and had evidfflitly lost some of their water 
before that time. With these exceptions the one showing the 
highest ratio of dry to green weight is no. 2, which is a tough 
dense grass, and lost less tlian half its weight ia drying. No. 4 
is nearly equal to it in tJian respect, however. 

Ju dry weiglit the Fhragmiles leadjs by a large margin. It 
would be interesting to know if there is any natural vegetation 
in the world that makes a greater growth p«r tmit area in one 
season. The same species is very widely distributed, and one 
might suppose that in a warmer clinnate it would do still better. 
A photograph of a nearly pure stand of it at the edge of the Ever- 
glades was published in the Third Annual Report of the Florida 
Geological Survey i,tig. 28, p. 280j, and that is much more open. 
But the eonii)ai is()n is not quite fair, for that photograph was 
taken in April. The saw-grass which covers most of the Ever- 
glades makes a pretty dense growth, but as it is evergreen the 

•Sec Torreys, 12: 277-287. 1912. 

lUIIT VORia. TOk SI. HO. t 
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foliage present at any one time represents more than one year's 

work. 

The delta vegetatioii ia Dobrudja studied by Miss Pallis con- 
tained quite a Mumber of the same species found iu tlie fresli and 
braekish marshes near College Point and elsewhere along our 
Atlantic coast, as well as some others not quite identical with 
ours hut dosdiy related. The most promimmt plant there was 
a variety of PhragmitM communis, represented by two forms 
difTering in ap^; a stout juvenile form sometimes 17 feet tall, 
with 12 to 1 4 stems per square yard, and a slender adult form 
with about <J0 to 130 stems per square yard. Miss Pallis 
weigheti these in the fre.sli state only, and found both forms 
yielding about 14,300 to 19,400 pounds per acre of aerial parts 
and about the same of rhizomes. 

Dr. Stout's Wisconsin bog vegetation, which contained many 
of the same specie that occur in fresh maTshes on Long Isbrnd^ 
was cut the second half of August, and the yield of air-dry 
hay per acre ranged from 3430 pounds where the vegetation 
was about f hiee-fourths Carex stn'rfa to 7078 pounds where 
Calatnagro.stis Canadensis was the most abundant plant. These 
figures are .somewhat below most of mine, but perhaps only be- 
cause his hay was cut earlier iu the season. 

Dr. Griffith, in tile papers dted, found the annual growth 
of Plm^ago fa8iiffiaUi in southern Arisona to be from 16 to 2466 
pounds (dry) per. acre, and of miscellaneous herbaceous vege- 
tation from 15 to 1529 pounds, witii an averap^e of 270 {Mtunds in 
spring and 799 in summer, or 1069 for the whole growing season. 
P*rofessor Wooton arrived at very nearly the same average in 
the same repiion. 

Dr. Shant^s's (.'oiorado hay was eut on August 23. 1909, and 
the yield per acre on "short grass" laud was only 1 Hi to 240 
poundis per acre, while that on bunch-grass (Andropogon aco- 
parius) land was 840 pounds. The bunch-grass land is very 
similar in aspect to the Hempstead Plains of Long Island, and 
has the same dominant grass. The soil is doubtless more fer- 
tile than most of that on Long Island, l)ut the deficient rainfall 
in Colorado probably accounts for the low yidd of hay, as is 
the ca.se also in .Arizona. 
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it IS interesting to note that according to the old inkubitaQts 
the vegetation of the Hempstead Plaiiis used to grow taller tiian 
it does now. If some one had only thought of measuring the 
yield of hay from the Plains fifty or a htmdred years ago and 
placing the results on record we could now tell approximately 
how fast the apparent retrograde succession is progressing, 
if at all. 

This :nvc?;tip;at.ioii of marsh vegetutiou throws some hght on 
a ti[uestiuu raised some months ano", luiiuely, whether or not the 
rate of growth increases with the progress of succession. In 
the brackish marsh near College Point Phrafftmlet is much more 
abundant now than formerly, according to Mr. Edward N. E. 
Klein, a botanist and pharmacist who has always lived tiiere 
(and to whom I am indebted also idr considerable assistance in 
wei^^ung and burning the vegetation 8ampleB)i presumably on 
accotmt of some of the salt \vat.(^r having been excluded by a tide 
gate. Where a patch of it adjoins one of Spartinn patcm, as 
in figure 2. the outposts of the Flirayrnitcs look lik^ trees on the 
edge of a forest invading a prairie, on a small scale. The great 
difference in the bulk of the two plants per unit area, and es- 
pecially in the amount of mineral matter taken from the soil, 
is brought out in the foregoing table. But as this is not a gen- 
uine case of natural succession it may not be safe to deduce 
any general principles from it. 

In most of the eases above mentioned the yield of dry vege- 
table tissue is Ir ;--^ than that produced "by the average cultivated 
crop in average soils, even without fertilization; and the most 
Ukely explanation is that plowing, by aerating the soil, makes 
the plant food available more rapidly that it is under natural 
conditions. 

None of the previous investigators cited seem to have made 

any attempt to determine the inorganic matter in th^ hay, 
which is probably as unportant as the dry weight, if not more 

so. for it indicates just what the vegetation is taking from the 
soil. (Of course in a state of nature most of it soon gets l)aek 
into the soil to be used o\ or again, but a not inconsiderable por- 

norreya, 16: 139. Juac, 1916. 
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tion must be dissolved in rain-water, especially where the vege- 
tation is subject to fire, and carried off into streams.) In my 

samples the ash percentages ranged from less than 3 in Typha 
latifolia to over 11 in the upland meadow, which occupies the 
most fertile soil and makes the f)ost hay. The ash of my 
Phraffmtien and Typhn angmiijolia weighed more than the en- 
tire hay in some of the western localities. 

The ash samples themselves present sojne interesting differ- 
ences. Tliose of (Sfpofitna and Typha latifolia aflier the final 
burning consist largely of hard porous lumps strongly resemUing 
the slag from an iron furnace, and perhaps conti^njng consider^ 
able iron and phosphorus, like the slag, as wdl as sodium from 
the salt water. That of Tyj^ €mgutli^€Ua is gritty, some* 
thing like old plaster, while the remainder are fine gray powder 
like ordinary wood ashes, probably consisting largely of potas- 
sium ('arl)onate. An analysis of these ash samples has not yet 
been possible, but it would doubtless give some interesting 
results. 

These few examples, while perhaps of Uttle value in themsdves, 
may serve to point the way to an i&terestjpig and almost un- 
trodden fidd of investigation. Simih^ studies of herbaceous 
vegetation should be made in other parts of the world by those 

who have thje opportunity and the mece^sary enthusiasm. The 
method might Ije extended to shrubby vegetation, Uke the heaths 
of the North, the scrub of Florida, and the chaparral of Cali- 
fornia, by cutting clean 4u area of a few square yards without 
disturbing the roots, and then weighing the njjw growth on a part 
of it a year or two later. It will probably be found that similar 
combinations of soil and climate wiU in the loi^ run produce 
about the same amount of vegetation per unit area per annum, 
whether it is herbs, shrubs or trees.* 

* It may not be ffenerally known to botaniBts that the reports of the last few 

rriittNl States (■cii^ti-^cs fiivr- the ;'ifrr:ifp ami Ioiiriat;(> of "wild, s:tlt or prairie 
graascs, " cut for hay io each state and couuty, from which one can get an idea of 
the extentof prairie, meadow, or marih, and the rate of growth of the vegetation 
in different regions. The average yield of such hay is about a ton to the acre, and 
the maxiinum about 3 torn', but the figures should not be taken too literally. 
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Plant Succession.— Clements' has devoted luany years to the sub- 
ject of the reoognition, dassification, and development of vegetation 
types, especially in the central and western portions oi the United 
States. The book under revimv is based on field work and is an elabo- 
ration of the ideas already published in his paper on "Devrlopmcnt 
nnd Structure of Vegetation" (Report of the Botanical vSurvry of 
Nebraska, No. 7, 1904). In it the author carries even further his 
analogy between the development of the vegetation and the devdop- 
ment of the individual plant. He abo applies the ecological method 
to the studj" of paleolx)tany. The system of classification h( r(> pro- 
posed, wliilf based to .'9ome extent nn the work nf ceoloci.sts and plant 
geographers, is in its application almost entirely new. The analogy 
between the life history of a formation and the life history of an indi- 
vidual plant is the basis of the present book, for the successbn within 
the formation and the develoinnent of the individual plant are re- 
garded as analogous. 

This book is an extended rather than a concL^'e statement of the 
subject of plant succession. Into it is brought an imniensc amount of 
material from the related sciences, physiography, geology and meteor- 
ology. One who knows little of the subject will be confused by the 
mass of detail and by the introduction of a large number of new tech- 
nical terms. Ecologists, fortsttn-s and other student? of vegetation 
will find a critical reading most st nnulatinii. Almost every paragraph 
suggests unsolved problems, although it is not always cU ar from the 
text which problems are still unsolved. To students of vegetation .it 
repres^ts a decided advance over the author's earlier works. Climax 
and development units are broui^t into a single s\ st* m. of which the 
propof«<'d termiuoIog>' is complex enough to force difficult decisions, 
if not years of investigation, to determine the status of the commtmity 
and the proper term to be applied. 

The discission of the effect of the plant ciunmuniiy on the physical 
condition of the habitat is somewhat general and some of the conclu> 

'Clements, F. £. Plant Sueoenbn: An Analysis of tha Developnmii of 
Vegetation. Pp. xiii + 612; pis. 91, Canieg;i« Inst. Wash. Puba. 242, 1916. 
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sions should form the basia of instrumental study. This is especially 
true of those paragraphs dealing with water relations. Very few 

studies have been made which in any adequate way touch the moisture 
proMeni. The .-^oil sampliiifi systems employnl ure nf)t oxfrnsivo 
fnough to afford more than fsuperficial indirafions of thr real moisture 
conditions under which plants grow. The moisture cqtisuniption of 
native plants is unknown and often the measorements recorded ^ve 
no indication of the total amount of water available for (j^wth. It 
is true the vegetation is in some ways the beat indication of moisture 
coHflitinns, Kiiit to interpret soil moi^ttire con(lilions on the ha^i^ of 
vegetation and the vegetation on the bivsisof the inferred moLsture con- 
ditions is a decidedly observational method. Moisture conditions can- 
not be studied without an efiuipment and aroount.of labor seldom sup- 
plied, but they are none the less essential to an ititei prrtation of vege- 
tation. A careful perusal of this portion of the book should suggest 
nt once a score of unsolved prolilems, many of which arc of profound 
importance in the study of vegetation. 

Under stabilisation and cUmax, the author emphasizes the eonclu- 
sion thai progressive inva8i<m typical of succession everywhere re- 
sults in stabilization. Stabilization is an increa.'^e in dominance and 
eulrninati s in a climax. Hoth chiiiax ami development units of vege- 
tation arc codsidered and a system of cla^sifioation proposed. In the 
brief historical siuumary the terms formation" and "association" 
are discussed but the concepts involved by different authors in the use 
of these terms are not considered as seriously ss ccruld be desired. In 
the early stag< > of the develoiHnfait of any science the same terms may 
be used to signify now one thing and nf»\v another. f\)ncepts nre more 
important tiian terms and in the discussion of the association it is 
more important that the vegetation unit involved in the discussion be 
considered than that the term which was applied to this unit conform 
to present day usage. 

The authni lias swung largely from the habitat basis to the develop- 
mr • *■ \nis\s ill ihi'^ book, but the (leveh)pmcnt bnsis is founded clearly 
o.. ..v,.i.stics and habitat. I3y using development it is possible to in- 
. elude in luc formation distinctive outstanding communities such as 
grass and forest communities. Btill the habitat is really the basis of 
th(> formation, altliough the climate is indicated by the vegetation, 
( n t'> fhe present tli v (muoh cannot be predicated from climatic 
data with the desired di'grec of certainty. 
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Cloim nts defines a plant formation a« follows: "The unit of voge- 
tation, tlie climax formation, is an organic entity. As an urgani2>uj, 
the formation arises, grows, matureSi and dies. Its reBponse to tho 
h^tat is shown in prooesses or functions and in structures which are 
the reeorf! as well ns the rcstilt of these functions. Furthermore, 
each climax foiination is al)lc to reproduce itself, rcpoatiii^; with psspn- 
tml fidelity the stages of its development. The lifc-history of a forma- 
tion is a complex but definite process, comparable in its chief features 
with the life-histoiy oi an individual plant. The climax formation is 
the adult organism, the fully developed community, of which all initial 
and iiH'dial stapes are but stages of development. Suncssion is the 
process of ihe rcjjroduction of a t'oniiatinn. and this reproductive proc- 
ess can no more fail to terminate in ilie adull form in vegetation than 
it can in the esse of the individual plant." 

He then proposed the following di\i6ions of the plant formatiott — 
The association is the climax unit of the fonnation and is characterized 
usually by a mixture of two or more species. The same formation 
may have several chmax units or associations, Tlie association is 
made up of consociations which are the units of the association and 
are characterized by a sin^e dominant species. The society is a minor 
(jrroup characterised by a subdominant species which may be promi- 
nent within an area marked hy the cnnsnriation or th(> association. 
The society is a h)caHzed or recurrent dominant within a doiuiiianee. 
These, societies may be aspect societies or hi^'er societies. The clan 
is composed of seccmdary species and ranks below the society, although 
it is not necessarily a subdivisicm ^ it. In this chissification the for- 
mat ion corresponds roughly to the subformation of the Swiss botanists, 
while tlie formation of the English liotaiiisls conforms more nearly to 
one of the development units since it i.s hmit**d to the tyiHs ul vegeta- 
tion which develop on any particular soil type. In the plant associa- 
tion as <)efined by Clem^ts three or more conditions can be recog- 
ni/( (l: i. e., the association proper, where the dominant s|)ecie8 are 
tnixed, and the areas where a single sjx'cies is segregated and becomes 
dominant. The diliiculty in application lies in the fact that the unit 
recognized in the la id, to which the term " sus.sociation " has been 
quite generally applied, will under this system become a consociation. 
The older term ''sssoeiation" will be applied to the mixed area which 
usually lies between the c(m6ociations; ss, for example, pure forests 

of yellow pine represent a eonsf»eiation, pure forests of Douglas fir a 
consociation, and the mixed area between an association. The asso- 
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ciation is also employed in a broader sense to include the two conso- 
ciations and the mixed area. 

Eadi of the above named plant communitieB is a ditnaK and repre- 
aents, according to the author, a final stage of develoimient. Similar 

manifestations may be found which represent only earlier stages in 
the development. For these the author has proposed a similar set of 
terms. For the stage which will develop into an association he 'pro- 
poses the term "assocics;" for the consociation, "consocics;" and for 
the Bociety the term "aodea;" and for the dan the term "colony;" 
' and for the plants which develop from a single parent the term " family." 
The term "plant enmmunity" is now used by ecologists in a general 
sense to apply to any unit of vegetation. 

The careful appUcation of these terms will undoubtedly bring out 
many oonduaitms with respect to vegetation which would not other- 
wise be recorded, and to this «ctent they will greatly further the sa}>- 
ject by forcing concrete expression of conclusions. They do not, how^ 
ever, insure the cnrreetness of the eonehisinn. The distinetion l>etween 
a society and a socies is debatable and dillicult to draw; still an attempt 
to make the distinction should lead lu clearer thinking. Nor can the 
the reviewer escape the feeling that the association as here distinguished 
from the consociation does not dearly meet the conditions as found in 
nature and that while It may be a most convenient means of reducing 
the eonditionf? of s(>eminp chaos to a condition of order, a certain 
amount of forcing is necessary. This fceUng is strengthencHl by the 
fact that conditions of soil and climate are more uniform over the 
large stretches of pure stands than in the mixed areas lying betwem. 
Clenu iif s refers to the Artemehia-Sareobotm association as the climax 
association of the Great Basin, while Weaver (University of Nebraska 
Studies, Vol. XVTT. Nn. 1: 1-133, 1917) later refers to an Artmteski- 
Atripkx jussociation in the desert region of Washington. Both m- 
stances are ati^pts to force the v^tation into the .system proposed 
by Clments. The conditions under which Atiemewi grows are very 
distinct from those of cither AtripUx or SarcobtUus. The plants are 
found growing together only in areas where conditions are changing 
rapidly or are locally very ununiform. Both case*' repnfent eom- 
parativcly narrow ecotoncs. It also seems unsafe to make the number 
of species involved a criterion of the plant association. It would seem 
more natural to find either a pure stand of one species as in the case 
of j^aKc brush or yellow pine or a mixture of two to many species such 
as the grama-buffalo grass or Andropogon sod associations, of the 
Plains and Prairie. 
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More thorough study will undoubtedly enable future invfstigators 
to improve greatly the system here proposed. Still the appUcatiou of 
thii sysUmf vith a constant desire to test the oonelusions which it 
forces, and not a slavish adherence to the plan will undoubtedly do 
much to clear up our present uncertain attitude toward the structure 
and development of the plant cover. 

After a brief review the following terms are proposed for the suc- 
oessional series: A sere is a unit of succession leading to a plant forma- 
tion. WhM« this process has been repeated several times on the same 
area the group is known as a eoscre. (The coserc corresponds roughly 
with the English use of the term formation.) Cli.sere -a development 
leading to an adjustment with the chmate. E()Sf>rp the development 
during each geological era. Geosere is the devciupment from the first 
creation of life on the earth to the present time and made up of the 
eoseres named to correspond to geolosical eite. A further divuion 
into pricere^ aprimaiy devek^MDO^t; subserc, a aeeondaiy development; 
the hydroeore, a series originating in a water stajsre; and xeroserc, origi- 
nating in an arid habitat. The hydrosere is divided into the haloscre, 
originating in salt water; and the oxysere, originating in water deficient 
in oxygen. The xeroeere is divided into the lithosere, originating on 
rode; and the pasammosere, originating on sand. In this chapter is 
given the author's idea of the climaxes of the different seres or the 
plant formations. These climaxes are supposed to conform to climatic 
units. 

The climax formations of North America are discussed and ab- 
stracts given of studies of successions which have been made within* 
the various formation as well as those in Eurasia and other parts of the 

world. It becomes evident by a perusal of this eliapter that up to the 
present time very little has been done in the applicatioi\ of exact 
ecological methods to the study of the causes of change in plant 
population. 

Past climates and climaxes are dissussed from the basis of the paleo< 
botanical literature. The author follows Saporta in distinguishing 

four vegetation periods — The Eoph^-tic. thf PaKopliytic. ^Tesophj'tic, 
and ( 'ocnoph\ tic. The wurk« of rii;iuil)erlaiu and Salisi)ury, Hum- 
phreys, llunlingion, and Schuchert are used to establish the author's 
condusions. An extended review is given of changes of climate due 
to deformation cycles, to volcanic activity, and to variations in sun- 
spots. Climatic cycles are discussed at length. 

Succession during the Cenophytic era is termed the cenosere. The 
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fossil remains of piaiits are interpreted by a method of inference based 
on the phylogeiictic system. By the occurrence of certain genera it m 
inferred tJiat the plant communities were of this or that well recog- 
nised ecolo^'icil ( haracter. B\ this method it is rather clcarh' indi- 
cnfofl tli;i( tlu' advanco of the ice shoot and the frmdiial chnnpp in (he 
cliiiiiiU' loci to the clianjies from hardwoods to (•(tnifors. from conifers 
to shrubs, from shrubs to tundra, and from tundra to ice. This ad- 
vance continued to the beginning of the reverse condition when ice 
gave way to tundra, tundra to shrub, shrub to conifer, and conifer to 
hardwood. Considerable attention is givfSi to the successions in peat 
bop, since here is found a comparatively complete record of psst suc- 
cessions. 

The Mesoph^'tic and Paleophytic eras are treated in much the same 
way. The condusions are reached largely by inference and seem 
fairly well substantiated by tbe study of fossil remains and geological 

structure. 

Thr author has succooded in l)rin^iiiK topcthor into one volume an 
immense amount of information with respect to plant succession and 
has developed a system of nomoiclature and olasnfication far in ad- 
vance of any heretofore employed. In putting the study of vegetation 
on a succe&sional basis the author has avoided the difficulty previously 
exporionced of having to de al with static and 8Mco(><fsionaI phonomona 
in separate systems. I'hc present jsysteni is pliable enough tt) uduiit 
of the ready placing of vegetation types which are rapidly changing, 
and also of types which are relatively stable. Absolute climax types 
• are doubtless nonexistent but the relative climax dbiown in many of 
our tyf>es of vegetation can be fitted into this system without mis- 
understanding. With this (((mprehensive discussion as a ?5tar(ing 
point, a study of successioti, either primary or secondary, should be 
made in which each stage is fully analyzed and the phjrsical conditions 
adequately measured with instrumental methods far more complete 
and thorough than any yet proposed, in which the causes of changes 
of typo ran be expl.iincd hy aretirately nieaf^nrod chanKes in the on- 
vironnictit — n study eoiuljifurjg physical methods and vegetation 
methods in which the instrumental data arc actually presented to 
prove the changes which are indicated by the v^etation. In short, 
a real instrumental and vegetational analysis of a succession should 
be made, which will make clear the physical or diemical basis of each 
vegetntional change. This must he done by a man on the ground and 
with the application of far more exact methods than those at present 
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applied by plant ecoiojafist'*. The cxad aiu tlnxis of the physici.st muJ 
chemist, the meteorologist ami agronomist, must be brouglit to beur. 
Yet the problem is more than one of mere measurement. It involves 
a clear conception^ bat not a preoonceived notion, of the ends to be 
attained by these measurements — such problems as agRressiveness or 
relativp tenacity in maintaining a stand already established, the prol)- 
lem ot competition, and the proijlcms involved in establishment, the 
inter-action of vegetation on habitat, measured ia physicaJ, chemical 
and biological terms. 

This book has marked out a course. The road along which the 
knowledge nf vocfetal ioii is to advance must be Iniilt with a broad and 
secure foundatitin in pulilishcd fact. It is hardly likely that this 
survey will be followed except in a general way, but it is the result of 
an immense amount of fieM work and ecologista should not fail to 
take eveiy advantage of the information it affords. — ^H. L. SiiANTr. 

MYroLOGY AND Pla.\ I pATHOLOGV.- The scopc of this book' differs 
essentially from jjicv ions ones in that it ncd^inirrs as u iiliiii its prov- 
ince the genenii lield of mycolog)' as well as the special iii-ld of plant 

pathology. The parts of the text fall under the headings: Mycology, 
General Platit I'athology. Special Plant Pathology and Laboratory 

Exercises in the Cultural Study of Fungi. The breadth of the work 
is indicated by the titles of the chaptrrs, which include the morpholopj- 
and classification of the various groujxs of pathogenic organisms, the 
causes and symptoms of disease, pathologic anatomy, galls, tree sur- 
gery and'physidogic plant diseases. An appendix touches on fungi- 
cides, antisepsis and the culture of mushrooms, and gives keys for the 
detfTtiiiiiat ion of ffrtain ftinpi. 

It is oltvious that the author set for hiinscit' a diflicnlt tafk in treat ing 
so large a subject eomprehensively within the iiinits of oiu' .small v(j1- 
ume. To treat adequately either one of his major .suhji t ts, Mycology 
or Plant Pathology, in a single volume is sufficienUy difficult. The 
reader must therefore be prepared to find certain pha.ses of each of 
these puf)]< cts either omitted oi' Inif ficantil\' touched upon. Still so 
.skillfully has the author selected his subject matter and so concisely 
has he presented it that one is led to wonder at the amount of informa- 
tion given, rather than to note omissions. The adoption of the broad-> 

■Harahbergcr, John W. A Text-book of .Mycology and Plut Pathology. 
l'i>. x'iii + 770; figi. 271. P. BlBkiston'i Son and CompMiy, Pbilwlelphu, 
1917 («3.ao}. 
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ening subject of Mycolog>' rather than Plant Pathology alonp admits 
the consideration of many subjects closely related to Plant Pathology 
concerning which the pathologist should be iMonued, although they 
are not ordinarily given spaoe in tezta on pathology. This etatement 
applies csjx cially to Part I, MyiioloiByf yet even here the dominant 
thought of jintholopy and tho general presentation is made with pathol- 
ogy ever in mind, and the illustrations are in so far as possible drawn 
from pathogens. The chapters on General Plant Pathology are ex- 
ceptionally valuable from their broad view point. In Speeial mant 
Pathology the diapter listing ^ecifio diseases is long (64 pp.) and ia 
essentially no more than a list, which Ix ing availahic elsewhere mifj^t 
have been omitted witfiout real loss. The "det-ailed account of spe- 
cific diseases" is good, concise, clear uud reasonably comprehensive, 
though in many instances important diseases are left without discus- 
sion, e. g., only two diseaaes, rust and smut are ctmndend on oats, 
one only on sweet potato, and one on tobacco. The laboratory exer* 
daesare li(>lpful, but are largely those of general botany or bacteriology 
rather than of plant patliolngy and here especially is the author bur- 
dened by the breadth of liiis {»ubject in the attempt to give the tech- 
nique of micrometry, staining, preparation of culture media, etc., 
microtome sectioning, photography, the terminology of descriptive 
bacteriology, etc, etc. These directions in many instances will be 
found inadequate and had best be learned by tlie student from several 
separate books. Vet even here there is much that is valuable for ref- 
erence. Particularly useful is the list of media, with directions fo^ 
making them, induding several not readily accessible in all labofatories. 

This book is well iUustrated, the figures being in the main good. 
The diagrams are especially valuable. Very rich bibliographies ac- 
company the text. Meehanicaliy, typographically and rlieforically the 
book is comnii rid'ilile. tliough a few ndnor lapses in accuracy f^eenr; 
on p. 488, Akeriiio.He ' is given for Allernariose;" on p. G-il, it is 
said that lettuce drop "may be inoculated by means of the sclerotia 
of fungus, or by the mycelium laid upon the surface of scarified areas 
of the leaf." Mature .sclerotia will in reality germinate only by form- 
ing aspospnros, the mycelium is very short-lived, and scarification of 
the leaf is not neces.sary; on p. G-IG, Neocomtospara is ri*cognized as the 
ascigcrous stage of the wilt of cotton, etc. This was disproved by both 
Higgins and Butler. The book is perhaps not quite so nearly up to 
date JUS might be wished, e. g., on p. 118, Uropklyeti* alSolfae is re- 
corded as of South America and Germany, Spongospora aubteraneo is 
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not fdund in the index or special flisciipsion, though it is listed on p. 
457. Citrue canker is not even libted for the orange. 

Taken all in all it may fairly be said that the author has in one vol- 
ume given much concerning Mycology and Plant Pathology, Bacterio- 
logical and Botanical methods. While as a text book on any one of these 
subjects it may be found either inadequate or overloaded, or both, it 
certainly will be an indispensable reference book for ail teachers who 
have to do with either one of these subjects. — F, L. Stevbns. 
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NOTES AND COMJVIENT 

In 1013 the Legislature of the stat<? of California provided a fund • 
r)f .SIKHXXI for [he purchase of stiitahle lands as a sifr for (he Cniduate 
School of Tropical AfjnVuHurc and Citrus Exp(M-iiiirnt Statifui of the 
University of Californiii, uud also appropriated $i(X),000 for laboratory 
buildings and $25,000 fq^ director's residenoe, bams and other minor 
buOding?. A tract of 475 acres was ^elected in the heart of the orange 
growing region, 2j miles cast of Riverside, California. The buildings 
provided in the appropriation arc now completed and are to he dedi- 
cated with appropriate ceix'nioiues on March 27. The forenoon will 
be given up to addresses of general scientific interest by men of national 
reputation. The Dedication Exercises at the afternoon session will 
be presided over by Dean T. V. Hunt, of the Collcj^c of Agriculture, 
Berke!«'>', Cal.. and will include addresses by President Benjamin Ido 
Wheeler, of the Liniversity of California, Dr. H. J. Webber, Director 
of the Citrus Experiment Station, and His Excellency, William D. 
Stephens, Govemw of California. An evening reception will be given 
by Director and Mrs. H. J. Webber at their residence. 

Dr. N. L. Britton ha.-* prpparod, with the aid of several collaborn- 
tors, an illu.strated Flora of Bermuda, which will appear this spring. 
The volume will contain descriptions and ill u."5i rations of all the wild 
flowering plants, ferns and mosses of these interesting and isolated 
islands, together with descriptions of the many kinds of cultivated 
plants in the attractive gardens and public places. Chapters are de- 
voted to the lif'hetjs, fungi and seawerds, to the botanical and horti- 
cultural bibliography of the colony, and to tlie various botanical col- 
lections Uiat have been made there. 
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RAUNKIAER'S "UFE FORMS/' "LEAF^IZE CLASSES/' 
AND STATISTICAL METHODS 

GEORGE D. FULLER 
UniMnitt ^ Chieogo, ChteagOt ilfc'fioto 

• AND 

A. L. BAKKE 
loijoa Stale College, AmeSflotoa 

ni. smacARY or thb valence method' 

1. The valence method offei-y an objective means of investi- 
gating a plant fonnation by differentiating its spedes according 
to their frequency expressed numerically so as to serve both as a 
means of direct comparison of closely related formations and also 

as a basis for an indirect comparison by passing from systematic 
units (species) to units of another sort; vis*, ecological or phys- 
iognoTnionl, and thus permitting an exact comparison between 
formations which are iloristicaily entirely different from one 

another. 

2. For the ecological eiiaracterization of a formation the fre- 
quency of the occurrence and the growth habits of a species are 
the outstanding things, while physiognomical characterisation is 
essentially dependent upon the aspect (mass condition) of the 
vegetation as a whole (in connection with frequency). 

A. Frequency* . 

3. Fretjuency is determined by taking a number of sample 
areas of a certain size and expressing numerically, in terms of 
percent, the nunjlx r of these samples in which the species in 
question occurs: Fretjuency percentage (F%). 

' Kaunkiaer, C, Oin Valenametoden. Bot. Tids. 34: 304 311. 1917. 
* Rauuklocr, C, Meaauiing apparatus for statistical iovestigations of plant 
lonDAtione. Bot. TjdMkr. 8S: 45-48. 1912. 

«u lUMt «o«ta» TOb a, no. I 
itAiM.inB 
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4. The necessary uumber of samples is attained as soon as 
the result becomes pr&ctically unchanged however much the 
number of samples is increased. How quickly this equilibrium 
is reached will be determined by the si^se of the samples — ^the 
smaller the samples the larger the number required but the 
more detailed will be the analysis. 

5. In practice the size of the sample is determined by the 
proportional ndjustment of the time consumed to the accuracy 
of the results required. As the result of my rxpcriiiicnts I 
have foimd that 0.1 sq. m. is a suitable size, giv iiii; iairly con- 
stant results from a moderate number of trials (25 to 50). 

6. If we investi^te a formation which is essentially uniform, 
with ill-defined limitations, the samples may be taken either at 
nndom or along definif determined lines. If we are not sure 
that the vegetation of a formation is essentially uniform, the 
fpiesfion must hf in^'^<t igated, but it so happens that its investi- 
gation is similar to tliat of frec|uency (ictoriuinations because the 
samples are, in this instance, taken in deliiute areas along marked 
lines and each sum])le is referred to a prescribed place in a hj'po- 
thetioal sdieme. By this means the presence of a community 
differing from the one under investigation is at once detected 
by diflTerent frequency indices for the species or by the appear- 
ance of new speci(^ with higher frequency indices. 

WTien a \rp;otation comprising several formations is under 
invpstip;a1ioii, tlic saiiii)!es must be properly distributed over 
the entire area accoiWiim; to the established boundaries if accu- 
rate results aro to be *)btaiaed. 

7. l iie sajiiplt'-plots are selected and marked out most easily 
by using a metal ring fixed upon a walking stick holding a metal 
rod at right angles to the stick. This rod is of just such length 
that the outer end will describe a circle of 0.1 sq. m. when the 
walking stick is stuck into the soil. 

S. In the analysis of tlie ^aniplo areas species are counted 
whieli have roofer! !i\inn -hoot- within the area and also those 
which iiave j)oreniiial shoots above it, even if they are not rooted 
in the cii'cle. 
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Ecological character (growth-form). 

9. Ecological clinracter is expressed partly by (losrriptivo terms 
and partly by statistical results, ns tho single adjustinciit life- 
form) valence in a forniatiotj is sliown hy the frequency index 
as a medium between systematic (species) and ecological units 
(growth-forms). In this way biological formation spectra may 
be constructed not only for the "life-forms" (showing the ad- 
justment of the species to survive the rigorous season) but also 
for other biological characters such as xeromorphism (leaf-size, leaf 
anatomy^ etc.)» pollioation, and dispersal. 

C. Height and mass 

10. The height of the individual species and the mass of the 
vepotntinn are two distinct factors in tho physiofrnomy of a for- 
mation. As far as chamaephytes and |>han( r()pliytes are con- 
cerned the h( i^lit is prett\' completely cxjjrcsscd in tlie designa- 
tion of the hfe-fonn (nanophanen>i)hytcs, nucropiianerophyt<}s, 
etc.), and in investigating a foimation of herbaceous plants the 
height may be determined directly. On the other hand, it is 
difScult to obtain an exact computation of the mass, for it is 
impossible in practic(> to determine its weight or volume, be- 
sides, such determinations would scarcely characterize, the phys- 
iognomy. Hence we must content ourselves with computations 
of mass based upon estimates following inspection coniljined 
with tho valence method determinations. One important feature 
of the piiysiognonty of the mass is the pro])urtioD of the area 
covered by the individual species. 

11. The area covered is determined by perpendicular pro- 
jection upon the substratum and is expressed as the surface 
per cent of the area in question. Areal percentage (see Lager- 
berg-), A^;. 

12. The size of the siimple plots to be used in determining the 
areal percent ^ ) is a matter of no theoretical signiticance but 
of very decided practical importance, the most practical is the 

* L.tgcrberK, T., Madcfloranfl analya pa objeotiv gruqd. SkogsvardsfOren- 

iogeuti Tidiikrift, 1914. 
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best. It cannot be directly compared with frequency pero^t 
which is determined by means of various different sample plot 
and is a proportional relationship, while areal percent is an abso- 
lute determination. Here ap:ain it seems that Ffimples of 0.1 
sq. m. arc prcferalile because it is desirable to determine frequency 
at the same time as extent of distribution. 

13. Areal percent determinations include all species ha\ iiig 
living aerial organs inside the boundary whethw they are rooted 
or have perennial shoots. If this is compared with the rules 
for frequency determination, it will be seen that the- frequency 
percent det^mined from a number of plots in which the species 
really occurs does not necessarily coincide with the species' actual 
frequency percent aiul should therefore be represented in another 
way; e.g., AF% (Areal freqnoney). 

14. Area! percent is obtained by estiniatinji; the number of 
surface units covered witliin the limits of a iiiigle aamplo plot; 
for example 10: here the sample ispcnown to be divided into 10 
equal parts and these are examined in turn for the number of 
unitis covered by the given species. The sum of the observed 
areas covered gives the areal percent. 

15. The samples are located and marked out with the assist- 
ance of the same apparatus that is used in the frequcnrv deter- 
niiiiations. This may be acc()ni))r;shed by using a riii^ upon a 
walkinfz; stick with two radial rods that mark off a sector (of the 
circular i>aiupk'} of a size which gives the smallest distril>utioiial 
unit area we wish to examine. 

16. In the usual study of a formation, the areal percent wiU 
be of no great significance because its value in interpreting the 
physiognomy is too small a return for the labor required and we 
must remain contoit with a descriptive analysis of the contri- 
bution to the ]ihy*jio|2:nomy made liy a species' frequency. When, 
however, in a definitely Hniited area the small yearly variations 
in the abundantc of a species are to he compared, the areal 
percent cakulations will be very siguitieant. 
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D. FcrmaUons t^nge wi^ charad&izcUion <tf habikU, 

20. Plant climate is characterized and defined with the assist- 
ance of the floristic biological spectrum baaed upon the life-fonns 
system which is based upon the essentiat adjustment of plants 
to the factors of environment, namely, their ability to survive 

the rigorous season. 

21. An essential side of the biological charar torization of for- 
mation? is tho eoDloj^irnl formation-spectrum which, by means 
of tile frociuoMcy index, is built upon tlie same hfe-fonn system 
as tliat by which plant climates are characterized. 

22. While not of fundamental biological importance the life- 
fcrnn system gives as a secondary result the type of physiognomy 
which characterises the landscape. 

23. Formation spectra have therefore both biological and 
physiognomical significance; biologically they characterize the 
fonnations with the life-form which primarily do/ni nates; they 
also charactorizo tho formations with rp«;pect to the life-form 
which determines the asi)C( t of i)hysioguoiny of the vegetation. 

24. Using the Ufe-lorm system the foilo^^■ing classes of life- 
forms result: 

Glaaa. I. Mcgaphancrophyte fonnatioiw ExampliM 

A. £vergr«en 

a. Broad-leawd (moga-miero- 

|di]dt) Tallest tropical and subtropi> 

c:il riun forest. 

b. Nurrow'leaved (micro-lepto- 

t»hyU) Need)e-)«av«d forest. 

B. Deciduous Monsoon f orr < t . I )oeidttOUS 

tetnpenit« forest. 

CIms II. Meaophrinero]>hyte formatioo 
A. EvcTKrtM'n 

a. Bro:i(i-leaved (mega-micr f- 



phyli) Mocliiitn tall (f^'iOm.) tropical 

und sub-tropical rain forest. 

b. N'arrow-leaved (micro^epto* 

pliyll) N(!<'«no-lpa vod forest. 

B. Deciduous .....Moufiooa forest. Temperate 

deciduous forest. 



Digitized by Google 



62 



G. D. FULLER AND A. L. BAEKB 



Class III. Microphancrophsrte formation 

A. BVPr^rccii 

a. IJroail-li iivciI (mcga-micro- 

pL.vll Pigmy forest iu tropics aud 

aub-tropicfl. 

b. Xiit rmv -leaved (inicro-Iepto- 

phyll) Piginy or low conifer foroat. 

B. Deciduoufl Loir forest in tropical, mb' 

trnpirn] nntl leiIipenit«SOIl««; 

tall scrub. 

Class IV. Nanophanerophyte fonnation 

A. f Acriitci-ii 

a. Broad-leaved (megaHoicro* 

phyll) Seruib palm, osrtaia fonns of 

maqiii 

b. N arrow -leaved (micro-lepto- 

phyll) lilBqui 

B. Deciduous Low scurub. 

Class V. Chaniacphytc formation Examplea 

A. Evergreen (subdivided on the 

basis of xeitRnorphy and leaf 

size) Pertain forms of heath. 

B. Deciduous I'onnatioos of cbamacphyttc 

Species of SaKXf Vaednumt 
etc. 

Class VI. ilerbaccous formations (Ucmicryp- 
topbytes, Geophytes and Thero- 
phytcs). Subdivided first, and 
foremost according to height (toll 
perennials, low perennials) and 

Xeronorpby.. .Ilygrophilous nnd ine.«t<|)}iiIoti8 

meadow, foretit iloor forma- 
tioBs, grass-.Htciipe8, etc. 

VIL Helophytc fonnation 

A. Tall. .Formations of Typha, Seirjnu 

^ focuslcr, PhragmiUs, etc. 

B. Low Foimatioos of OartcM, BquxM* 

tvmt etc. 

MIL Hydrophyte formation 

A. Floating4eaved 

a. Rooted Formations of Nytnphaeta$t Po» 

Umiogekm, etc. 

b. Free floating. Formations of Hydroekarit, 

Lemna, etc. 

B. Submerged 

a. Rooted Formations of PirimaogHont 

Mj/riophyUtm, Charaesagf 
etc. 

b. Non-rooted Formations of Ceralop&yfliim, 

Vtrieularia. Lemna, etc. 
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The above is a system of foimation analysis into primary 
divisions so fundamental that the biolo^cal and physiognomical 
coincide and are both emphasised. Within its limits there is 
a place for off-shoots or subdivisions of larger or smaller extent 
expressing characters of special biological significance which re- , 
quire special hiolop;ica! focolopicnl) rhnrnctorization in the sys- 
tematic analysis of a narrowly liniit<Ml fonnation. 

25. By more intensive studios of cliiuatic factors, of soil 
cinjimstry^ of physical and biological conditions and by a wide 
investigation d the morphological, anatomical and physiologi- 
cal nature of plant species, ecology will be able to reach an under- 
standing of the place of each inctividual species in a fonnation. 
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THE EVALUATION OF THE SOIL TEMPERATURE 
FACTOR IN ROOT GROWTH 

W. A. CANNOX 
Desert Laboratory, Tucson, Aritona 

When reduced to its lowest terms the information necessary 

for use in evaluating the temperature factor in the growth of 
root<= includes in addition to the temperature itself, the rate of 
growth at different «oil temperaturas. With such data, and by 
employing the time factor, we are in position to calculate the 
TR^ for any species, ihis in brief is the total expected root 
growth of the species, that is to say, the summation of root 
growth at the tonpoatures CTiployed. 

This method is of some interest from an ecological as wdl as 
from a physioloipGal point d view. Where a species is restricted 
in its general distrihut ion by unfavorable temperatures, it is 
probable that at such limits of distribution the value of TR 
would be relati\^oly small, whereas at the cputor of the range it 
would be relatively larpi;c. It therefor*' seems jwssible, were 
sufficient data on hand for the purpose, to plot the TR as iso- 
imc.-. i'he broad effects of different soil temperatures on root 
growth, and the reUtion of the root-soil temperature response 
to the general distribution of the species could in this manner 
be clearly brought out. 

This physiological method of temperature evaluation as a 
factor in root growth can be sufficiently illustrated by a single 
example. For this purpose reference can be made to the rates 
of root growth of Covillea tridcntala, and these can be related to 
soil temperature at a deptl* of 30 cm. at two stations, namely, 
the Coastal i^aboratory, and the Desert Laboratory, for the 
month of August, 1916. It will be recalled that CoviUea is one 

' R&tv of hourly ruol growth for any species at aay given soil temperature 
mattiplied by tbe nombor of houn the soil wm at that toaaperatura. 

64 
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of the most characteristic siirubs of the Tucson region. Up to 
this time, on the other hand, all attempts to grow it at the 
Coastal Laboratory have failed. 

Hourly growth rate o/ root* of CoviUea tridentala at different toil temperaturea 



\o°C 0.1 

20'C 0.2 

26'C 0.4 

.•JO*C 0.5 

32'C 1.6 

In the above table is presented what may very likely be con- 
sidered average rates of root growth at the soil temperatures 
given and a." ostabhshed by nnpublishod- experiments. If we 
consider any root we are a\var(^ that it represents responses to a 
range of temperature whicii nia\- or may not be considerable, 
and, from the foregoing table of rates of growth at different 
soU temperatures, it is clear that the total growth is composed 
of units of different time values. It may better illustrate the 
difference in effectiveness of the different temp^tures of the 
soil as factors in root grou tli if we ima^e such a root to have 
been expo-sed to the five different soil temperatures given above, 
for exfimplo, hut for an equni period of tiirio to ouch. From the 
rates of growth the percent afi;<' iricrea-e for eaeh temperature can 
be easily calculated. This would be as follows: 



IS'C 0.035 

20°C 0.071 

25'C 0. 14 

30'c o.ns 

32"C 0.57 

Since 32°C. is about the optunum temperature for the growth 
of the roots of ComUea it is also the temperature of maximum 
effectiveness so far as root growth is concerned. Or, viewed 
from the standpoint of the plant, at a temperature of 32*'C. 
it attains its maximum efficiency as to growth. The tempera- 
ture of minimum efficiency, on the other hood, is about Id'^C. 

* PreluQiDMy notice in Yearbook, Carnegie Institute, Waabincton, No. 15, 
1016. 
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The illustrations show, in brief, that, as related to Coinllea, a 
soil temperature of 32'^C\ is over Hi times as effective as one of 
lf)°C. It is interesting to note also that the effectiveness of 
temperature of '^2 C. is over tlnee times that of 30°C. 

As further illustrating the advisability of considering sep- 
arately representative d^rees of temperature in studies where 
temperature forms a part, the 712 for Carmd and Tucson for 
one month can be given. Below is presented the total number 
of hours (hiring which the soil in August, 191G, at a depth of 
.30 cm., at Carmel and Tucson, was at the following tempera- 
tures, namely-: li>°C., 20°C., 25°C., 30°C., and 32^C. 





150X3. 


Wcm. 






irc. 




kovr* 

744 
















647 


197 











By calculating the TR for each temperature we have the 
loiiowing results, the expected root growths: 



mm. 

Carmel, 744 hours at 15°C., 74.4 

Tin son, ."17 Ii Diirs at 30^C., 27.1.5 

Tucson, 1U7 hours at 32"C., 31o.2 

♦ 

The TR for Carmel for August, ther^ore, is 74.4 while that at 
Tucson for the .same time is 588.7. 

It is very evident that the TR is so !^t^\ for rnrniel during the 
month of August that anything ai)pr<)U('liing a vigorous condi- 
tion of tlie species is not to be expected for that month, and as 
a matter of fact the TR would be extremely small for all of the 
oiket months as well. Survival of the species at this station 
would hardly be expected. At Tucson, on the oiher hand, the 
TR is relatively large. It appears therefore that the soil tmper- 
ature^i at a depth of 30 cm. at Carmel, and with reference to 
Covillea, are not effective temperatures, whereas the st)il tempera- 
tures at Tucson are effective. What constitute etTtnilxe soil 
tejjiperut un s for any .species must be a mooted question, but 
for practical purposes it may be considered to be such as induce 
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sufficient root growth to bring alxiut tho <'sf ;il)lislini(>iit of tlie 
species. In this coniieciion fa\ orable moisture relutiuns and 
favorable s(»il aeration are assuiiuMl. 

It may enipliubize the really great liiiierenee in the effective- 
ness of the temperature of the soil at Caimel and at Tucson, 
SO far as the influence on root growth of CoviUea is concerned, if 
we compare the TR of each to what might be expected if every 
hour of the month were at the optimum temperature and if the 
maxinnini nito of root p'owth were maintaiiKMl t!irouji;hoiit 
that period, riidci- such circumstances the roof growth would 
be 1 190 cm. It is thus seen that at (/armel in August the growth 
under actual conditions could not be over one-sixteenth the 
maadmum at the optimal tonperature, while that at Tkieson 
would be approximately one-hdf the maximum. Therefore, if 
a numerical expression of the reUtive intensity of the dfect've- 
ness of temperature conditions at a depth of 'M) cm. at the two 
stations is desirable, it can be said that the effectiveness of the 
soil temperatures at Tucson in August are approximately eight 
times that of the temperatures of the soil at the same depth and 
at the same time at Carmel. 
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BOOKS AND CURRENT LITERATURE 



The Ecology of PitAiutK and Woodland. — After a hiatus of 
ei^^teen years the activity of the Botanical Surv^ of Nebndca has 
been resumed under the direction of Raymond J. Pool, and the 

first of a new series of papers on tlie vegetation of the state has ap- 
peared. This is !i stti<l\ liy J. K. Wcnvcr timl Albert F. Thiel of the 
conditions existing in tlie tension zone between prairie and woodland, 
and is based on work in both Minnesota and Nebraska.^ Throughout 
the Bimuner mcMiths weekly or fortnightly readings were taken of the 
moisture of the soil at 0 to 10 cm. and 10 to 30 cm., and measurements 
of the evaporation. These data were secured in parallel series for 
higli prairie, low prairie, hazel thicket and oak forest, a series of com- 
munities progressing from xeropljy tic to mcsophytic in the order named. 
The graphs displayed show that for several weeks the soil moisture in 
the high prairie falls Inflow the amount required by plants, as indicated 
by the somewhat hyix)thetical wilting coefficient. Iti the hazel senib 
the nifHstnre falls for a briefer fK'riod to an amount somewhat Ix'low 
the requirements of plants. In the low prairie and oak forest the 
moisture remains well above the minimiun requirement of plants. 
The evai)oration graphs show that the readings for this condition are 
progressively lower as we pass from the more xerophytic to the more 
mesophytir rnmrnnnitiev. ^fensurements were made of the rates of 
transpiration ot liic praine io.sc in the prairie and scrub conditions, 
and of oak seedlings in prairie, scrub, and forest conditions. These 
show that lower rates prevail in the more mesophytic conditions, the 
sei'dlings transpiring more than twice a< much in the hazel scrub as in 
the fore^'t, arifi over eijrht times as much in tlie prriirie ns iti th(^ forest. 

Tiic evidence presented by the authors leacis tliem to the conclusion 
that the condidons of the high prairie are such as to make invasion by 
plants of the scrub dependent on a concurrence of favorable summers. 
The success that attends the planting of ti<'es on the prairies has led 
the authors to an investigation of the fate of tree seedlings, which is 
still in progress. 

^ ^ Weaver, J. E., and Tbi«l, Albert F. Ecological i^tudiea in the tension sone 
between prairte and woodlanej. Bot. Surv. Xeb. New Serioa No. 1, pp. 60, figs. 
38. Lincoln, 1917. 
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This well executxHi and clear-cut invcistigation brings out strongly 
the manner in which the vegetation of each community in a tension 
region influences the environmental conditions and thereby promotee 
invasion by plants of a more mesophytic character. Since our knowl- 
ed^f of plant succession ha? hcen so widely extondrrl and so thoroughly 
elaborated, it promises important results that we should now divert our 
attention from the successional relation which (Hie c<»nmunity sustains 
to another and tiiro our efforts to an investigation of the relation of 
each successional stage to thv. physical conditions under which that 
stag^ holds sway. — ^Forrest Shreve. 

A New Biological Text. — This second edition of Professor Calkins 
Bioktgy, somewhat enlarged and revised, is a most welocme addition 

to the existing list of el^entaiy texts intended to present the g( ru ral 
facts of Biological phonomcna, and <!iff('rs from most of the Ijooks of 
this class in that it foc uses attentio!i upon peneral principles and proc- 
esses, rather than upon structures and tyjfx;s.i 

The presentation of the subject matter is pleasbg and orderly, 
b('giniii))g with a consideration of living and lifeless matter, which is 
wt'll (huic in a 1>ricf space. The autlioi- then gives in order: thr main 
facts and activities of protoplasm and the eel! or^ranization and its 
activities; organisms of one cell; organisms of tissues; plants the food 
of animals, and the source of animal energy ; organs and organ systems; 
homology and the basis <tf classification; parasitism and pbysblogical 
adaptation; the perpetuation of adaptations. 

Thrf>»ighout the text function f)ccnpi<>f! a conspicuous position, 
structures being considered only in relation to activities, and presented to 
a less degree than is usual in texts intended ior elementary instnictbn. 

The author, in a surprisingly brief space, has vividly protrayed the 
essential processes of living things, and deserves the thanks, and sup- 
port of those who must teach to beginners the basic facts of biology. — 
William L. Tower. 

> CalkiDs, Can- N. liiology. Pp. V + 255, illustrated. New York, Beniy 

Holt and Company, 1917. 



Digitized by Google 



NOTES AND COMMENT 

Tho Dctrn-f f>f Doctdf df Philosopliy was oonf*'rr''(l u|)on t»i.\t y-fiw 
caiulidatos who prc^'nictl n'scarch theses in Botanical science to sixteen 
American universities in 1917. Nearly one-fourth of the total number 
were given by the University of Chieago. So far as can be determined 
by an inspection of tlie titles, the distiihution into special subjects 
gives 23 til pIvNsioIn^-y. 11 (() p:if Imlf i|iy. 7 each t<i morphology and 
ecology, t» Ut l)acteriolog\', -4 eacii to mycology and end Myology, 2 each 
t-o taxonomy and genetics, and 1 to paleontology-. The notable fea- 
ture of this phase of the matter is the Kn>wing interest in physiology, 
nearly two-thirds of the thes(>s indicating a physiological view-point. 
Some of the subject in ecology might well be assigned direetly to 
physiolouy also. 

Notwithstanding tlie enipliasis that has been laid U]K)n genetics in 
research and in breeding operations during the last fifteen yearn, but 
few students appear to carry their work so far as to present a thesis. 
The conditions suggest that the (h'mand for experienced workers is so 
great th it (h<'y are called to take positiotis and responsibility in deal- 
ing with the subject-matter early in their careers. 

Brmcn University 

Walter Chadwick Nklbon. The gaa-bacilluii. Bacterium nukkii Migula, in 
milk. 

Masion ttanv.v. \\'K.sTr>N. lltuetrAtcd key to the fomil flora of the earbomferous 
period of the United StatPs. ^ 

( 'ulnmhin I 'nirrrsilif 

Kali'ii Havules Stkwart. a check list of the piants of Ladak (weatern Tibet) 

with u discussion uf the tloru. 

Citrtiill I'jiii'crKtty 
Charles Ciiuim'. Studies on ilub mot. 

Walter H. Borkholder. Anthracnoee disease of the raspberry and related 

plants. 

HowAUU HowMAN ELLKNiiKitciKK. StuUy of thf bacterial growth iu ice cream. 
RovAL .JorsijN IIa.skbll. Futarium wilt of the potato in the Hudson River 

N'alli'V. New ^'ork. 

Lauiiknck llowLA.ND .MacDanicl^. IIi»tulo^>- of the phloc:u in certmn woody 
angioepeniM. 

TO 
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Ephraim Laurence Palmkk. Study of American wwds with keys to their 

seeds and (rjiita, , 
DoAK Bain Carrick. Resistance of roots of some fruit species to low tempera- 

ture». 

EuoBHB PimoN Dbatmck. Effect of manc^nese conpouDds on soils and 

pli»nt« 

Gebtri'ui, l.iAZAUKTU Doi;<;las. Study of the development in the tumily 
Agarieaecae. 

David Stui t Jennings. Effect of certain colloidal substances upon the growth 

uf wheat seedliugs. 

Georgr W'oshingion UHivertitg 

Lkonabd Lbb Hartbh. Tiie jiod blight disease of the Ifmn iiean {PKowAm 

Lunnlns), e.iuse<I hy DiafMtrthf Pkascolnriim C. & K. 
John Wiliiam Roheuts. The soiirrc of apple hittcr-rot in actions. 
Arthur William Samvboh. Climatic conditions as related to plant growth 

and other physiological activities. 

Harvard Unimraity 
Sidney Fay Hijhce. A revision of the K^nus Viyutera. 

Cbarli:.s Dkrcuslkr. Siit Hr^ on the nL-nm AcUtumyees, with special reference 

to ilH development and laorpholoi^A'. 

EuwAHU Elway Frkk. The oxygen requirement of plant roots in relation to 
soil aeration. 

Fbank Mkrhili Tfii i>rnn\NTiT A plivsiulogical .study of the climatic condt- 

tiuu« of Muryliind us inea.sured hy plant growth. 
Earl Stbimford Jobnstok. The seasonal march of climatic conditions in a 

greenhouse, as relatr<i fd plnnt gfowth, 
WiLUAM EuwAiiu ToTTiNf-iiiAM. .V preliminary study of the intlucnce of chlo- 
rides upon the growth of certain cultivated plants. 

8am FAni.nw Tnrr,KAST:_ Tho rrtntirin nf nt\\t proporrion<5 ■niH ronfontrntinn to 
the growth of young wlica) }>huit.s la nutrient solutions containing a chloride. 

Indiana I'nitrrsity 

Mildred Nothnaobl. Fecundation and the formation of the primaiy endoeperm 
nuelctia in certain Uliaceae. 

I'ltivcrxity of Cnlifornia 

RoBBRT Clinton RfToi>K<<. Binar>' fis-sion in CoUodiclyam Irt'efJiolvm Carter. 
Sblk&n Abraham Wak.sman. Studies on proteolytic aetivities of soil micros 
organisms, with special reference to fungi. 

Univenily of Chieaffo 

ARTiirH Lai-hkntf. Bakkc Sn;r!-rs upnn the detennination of wilting by the 

use uf atttadardised hygromctric paper. 
John Tubooorb Btohhols. The suspensor and early embryo of Pi'ntis. 
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Harold Dtolet GiATovita. Phyriographie ecology of Walloon Lake, Petoafcey 



WiNFiELO Sc'UTT DuDti£OM. The morpbolog;>' of Humex crispua. 

Enbiqvb Edvakdo Bckkr. Tfae patltoKeiiic effect and nature of a toxin pnn 

duced by B. Paratyphosux bacillus. 
W BIGHT Austin GAfu>N£&. The effect of light on the germination o{ seeda. 
ExRA Jacob Kraob. Vegetation and reproduetion, with apeeial referenee to tfa« 

tomato j)livsiological anrl horticulf urul aspects). 
Ubnrt Kkist Kbaybill. Vegetation and reproduction, with special reference 

to the tomato (ebemical aspects). 
Wilfred Wiluak Robmmb. BueeeauoDS of vegiotatioB in Boulder Park, 

Colorado. 

Deah HrMBou>T Robe. Oxidase activity and chemical composition of healthy 

and diseased apple bark. 
Rial Catun Robe. Conditions and microchemistiy of germination of the 

seeds of Tilia, Sambucux and Au&ut . 
Manoayam a. Sampathkumarax. St«}ur catiibium and its derivatives. 
HoMEB CitEVSLAim 2$Aiti>80N. Chemical changes accompanying abscission in 

Cohu$ Blvum. 

Wamuen Goosiir Watsmi an. The development of root syatems under dune 
conditions. 

Bertbau Whittibr Wells. A survey of the sooceeidia of northeastern United 
States and Eastern Canada. 



Uabry Warren Anoerson. The ycust-likc fungi of the human intestinal tract. 
Henry Grakobr Knigbt. Acidity and aeidimetry of soils. 
Nrwtov LY\f an Partridge. The cITecl of vrnliffition on applf>s in mid storage. 
Elmer Robkkts. riuctuatious iu a Mendelian character and selection. 



Clintmn Ai.in iiT Lirnwic;. Tlir iiinni-ti'-e of illnmtnating gas and its oonstit- 
ueota on certain bacteria and fungi. 

Univtraily of Mituutota- 

DoxALi) F()I.80M. The cxpcrinienf:il mollification of /uir, ./c- Ju?^' tinder roiifrol. 

FRANCBii LouiaB Lo.Nti. The quantitative determioation uf photo-syuthutc iu 
relation to light in various apeeies. 

Harvev St\t.lard. Secondary suecessions in the climax formations in north- 
ern Minuettota. 

WiLUAU DoRNBT Vaixbau. A study of sterility in the strawberry. 



U. H. M. Bowman. Eculug>- and physiology of the red mangrove. 
Prankuk B. Cabrou.. Development of dbaamagamous and eleistogamoos 
flowers of Impatim* fuiva. 
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Vnioertily <4 Witetmnn 

TiKUAs Edwahd RrAR. A eondatioa between baeterial eeUvity «nd Ume 

requirement of soils. 
Edbanxs Cammbr. fknik* upon the anguUr leaf apot diMaae of eueomber. 
Hknrt L. Fulmer. Influence of carhonatee of magnesium and ealetum on 

bacteria of certain Wiscoosia soils. 
Thomas Lawkbncb Hilm. Tbe influenee of nitratee on aoil baeteria. 

Frki) UrrKr, JoNKf^ A study of certain alfalfa atul clovor discasfs. 
Robert Delafielo Raxm. Tbe early blight of potato and related plants. 
WsNDBU. Houins Thdali. 1. Rdatkm <rf ierapetatura to tbe growdi nnd 

inferting power of Fmarium lino. 2. Flax wilt: a etudy of the nature and 

ioheritaace of wilt reeistance. 

Wiuhxn{flon University 

S. M. Zftller. Studies in the physiology of the Fungi II. L$nnU9 9aepiaria 

Fries, with special reference to enzyme activity. 
Q. W. FnxBtMO, Studies in the mosaie diseases of ptants. 

Yale UmvvUty 

Natban Bbbhan. Studies on baeterial metabolism: the behavior of bacteria 

towards iirotrins nnd thoir cleavage pioducts; tbe iftfluenee of earbohjo 

d rates on nitrogen metabolism. 
Laubbmcb VbbblaMD BOKtOlf. QorrslatioB studies of gas-producing baeteria 

with special leferenee to membeis of the Coltm-A«n>t»itM group found in 

soils. 

Edwabd Fbbd Woopoock. Obeervstioii* on the development and gcrrainatMHi 
of the seed in certain Polygmscese. 

• *— D. T. MacDougal. 

The War Emergency Board of the American Phytopathological 
Society, which was organized at the Pittsburgh meeting during the 
holi<lays, licM a nieelinp; in Washin^ijton, February 9 to 11. The organ- 
, ization (if this board is tlH> result of a (IcttTiiiinatioti on tlie part of 
plant pathologists to do llioir part in winninp the war. Certain prob- 
lems of nation-wide iniportant-e are being hiuidled. At the special 
meeting reports on these projects were made. A census of all persons 
able to do pathological work is .being taken and encouraging progress 
was noted. Other projects on fungicides and machinery, emergency 
research, plant disease survey, and crop loss estimatps were considered 
at some length. Plant pathologists have in the war conditions a 
great opportunity for wexviot to \he coniiiionweattb* for tbm ia no 
more vital feature in maintaining maximum crop production than 
that of the reduction of leakage due to crop diseases. The board is 
working with all existing ageneies of state and Qatton, Tbo membefs 
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of the board arc II. H. ^\'^letz('l, Cornoll Univorsity; F. D. Kern, The 
Pennsylvania State rollopp; E. (\ Stakinan, University of Minnesota; 
H. P. Barss, Oregon Agricultural C'tjHcge; H. W. Barre, Clemson 
Ck>llege; G. H. Coons, Michigan Agricultural College; and G. W. 
Lyman, U. S. Department of Agrieulture. 

A bulletin entitled Life Zone Invostijratinns in Wyoming (North 
American Fauna No. 42) has been prepared by Mr. Merritt Cary. 
The same lines of treatnjent are followed that have already been made 
familiar by Mr. Gary's Biologiea] Survey of Colorado, Mr. Bailey's 
Life Zones and Crop Zoik s of New Mexico and other publications of 
the Biological Survey. Tlic life zones from Upper Sonoran to Arcfio- 
Alpine arc described and their characteristic j»pccics of plants and 
animals hsteil. A concluding section is devoted to notes on the distri- 
bution of conqneuous trees and shrubs. Wyoming lies wholly above 
an elevation of 4000 feet, about one-third of its area being in the Upper 
Sonoran Zone and alM)ut one-half in the Transition Zone. The In tier 
zone is made to cnm prise regions dominated by grasaes, by sage brush 
or by western yellow pine. 

A revised and somewhat enlarged third edition of Rusidl's Soil 

Conditions and Plant Growth has bwu issued by Longmans, Green 
and Company ($2.00). The revisions are to be found throughout the 
book but have taken place chiefly in the chapters on the Composition 
off the Soil (designated Constitution of the SoQ in the second edition) 
and on the Relationship betwe^ the Miero-orj^ic Population of the 
Soil and the Growth of Plants. .\ new chapter has been added on 
Colloidal Properties? of Soil, dealinp with the absorption of salts Iry 
soils, the colloidal character of soil acidity, the formation of hard-pan, ^ 
and the relation of colloids to soil evaporation and to the biochemical 
reactions taking place in the soil. The Selected Bibliography has 
beoi increased by about 25 pet cent. 
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SOME FACTORS AFFECTING INULASE FORMATION 
IN ASPERGILLUS NIGER 



V. H. YOUNG 
St€U« Univertity of loiea, Iowa Cilf/, Iowa 

A. IimtODUCTION 

The purpose of the work heiein described has beea to investi- 
gate in a quantitative as well as qualitative way the formation 

of an enzymo in a living organism. For such a study certain 
saprophytic fungi arr especially suited since environmental fac- 
tors can be more definitely controlled with tiiem than with otlier 
plants. 

The work was done in the Laboratories of Plant Physiology' of 
the UnivMsity of Wisconsin and the author is indebted to Prof. 
J. B. Overton for facilities, aid and encouragement. 

The woric kA Kats, Went, Knudson, Dox, Kylin, and others on 
the quantitative and qualitative regulation of enqrmes in the 
fungi has served as a basis for the woric and reference will con- 
stantly be made to certain phases of their work. It is proposed 
to study the effect of age and carbohydrate nutrition on the 
enzyme content of a fungus. The work has been confined almost 
entirely to the as yet little known enzyme "inulase," and prac- 
tically all the investigations have been with Aspergillus niger, 

B. REVIEW OF LITERATURE 

The early literature dealing with fungal ensymes as well as the 
more recent literature is so completely reviewed in the publi* 
cati<His of the above mentioned authors that it has not been 

thougjht necessnr>' to consider in (U^tail any of the literature ex- 
cept that (Icfinitely germane to the subject of tlie investigation. 

The pre-senee of inulin in plants has been known for many 
years. Green (1888) was the first to isolate an enzj'me which 
would hydrolyze inulin. He called the enzyme, which he ex- 
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tracted from the tubers of H^ianOvw tuberostia, "inulaae." He 
was able to demonstrate that the enzyme was not present in the 
dormant tubers in an active condition but rather in the foim of 

its zymogen. Tnulasc has been very little studied from the 
point of view of the factors influencing its secretion although, as 
will be seen below, some work of a valuable nature along this 
Une has been done. 

a. Likraiure cf enzyme regulation 

It is a definitely established fact that mvironmental factors 
are more or le&s efficient in stimulating or retarding the format 
tion of ensymes in the fungi. In the literature this has been 
termed "quantitative" regulation of enzj-me formation. Many 
have as.serted that a change in environment does tuJt cause a 
change in the kind of enzyme produced, while others have as- 
serted that this is not the case. A diange in the wvironmait in- 
hibiting the formation of an ensyme, whioh would otherwise be 
produced or a change initiating tile formation of an eik^me not 
usually produced, is termed "quahtative" enzyme regulation. 
The study of enzyme rpc:ulation obviously- f^Miters around these 
two ideas. Various environmental factors might be considered 
as affecting enzyme formation : , temperature, light, moisture, 
the presence of oxygen, the presence of inorganic salts, and or- 
ganic food substances. As a matter of fact tiie Uwt of these 
. factors, f .e., orgimic food materials, has been the only one con- 
sidered to any gseat extent, although some of the other factors 
mentioned have been studied. 

Katz flSDS) has studied the regulatory secretion of amylase in 
Aspergillus niger, Penicillium glaucum, and Bacilliis megatherium 
and finds that the effect of various other substances serving to- 
gether with starch as a source of carbon is in general to very 
greatly inhibit the secretion of amylase. Cane sugar, grape 
sugar, lactose, maltoee, glycerin, quinic add, and tartaric acid 
woe used. The rate at which starch disappeared from the culture 
medium is taken generally as an index of amylase formation but 
in certain cases the ens^yme content of the mycelium is deter- 
mined. With Penicillium glaucum^ Katz finds that the presence 
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of starch alone in the culture medium stimulates the fungus to 
form large anuNmts of amylase. Small amounts of eane sugar 
or glucose (1.5 to 2%) largely Inhibit the fotmatioa of amylase. 

Lactose in 10% solution retnifls the formation of amylase, but 
a 8% solution has no effect. The effect of maltose is somewhat 
similar. Kni^ s)inw« that the action of amylase itself is not 
affected by the presence of sugar in the concentrations used. 

The inhibitory effect of sugars on amylase formation in As-^ 
pergillus niger as described by Katz (1898) is much less marked 
than in PeneiUium Qlaueum and even as large an amount as 30% 
does not entirely ii^bit its formation. The inhibitory effect of 
maltose, orythro-dextrin, glycerin, tartaric acid and quinic acid 
decreases from first to last in the order named. He finds that 
Af^pergillus niqer on culture media with starch only p*ows very 
feebl}' and forms only a small amount of diastase, but that the 
addition of of sucrose stimulates both the growth of the 

fungus and the amount of enzyme formeti. Katz believes that 
the itthlbitoty effect of these substances on amylase fotmation is 
not in proportion to their mass but that the effect is purely 
stfanulatory. 

In the case of Aspergillus ylaucuB askd PemaUium glauam Dtt- 
claux (1890) concludes that there is a certain qualitative enzyme 
production, and that enzyn>e formation in Prnirilliuni ghiucum 
depends upon nutrition. He, however, mve-stiii ated only those 
en2ymes which were secreted into the culture medium, taking no 
account of tiie ehsyme ccmtent oT Hie fungi themselves, which 
cannot be considered as a sufficient mterion. 

Herissey (1899) in a thesis entitled "Reoh^hes sur TEmul- 
sine,'* among other problems has studied the conditions, leading 
to the appearance of emulsion in AtijieryiUus yrigcr, and finds 
that cultures grown on Haulin's solution for twenty-thrpr> to 
twenty -five hours give rif) indication of the presence of emulsm, 
but, when left for forty -eight hours, a vigorous enmlsin Is ob- 
tained. If Aspergillus is grown on Raulin's solution (H)ntaining 
three to four tiioies as much ammonium nitrate as usual, and the 
amoimt of ammonium nitrate used is replaced at the end of every 
twenty-four hours such cultures grow for a month without sporu- 
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lating «iid at the same time yield no eniyine capable of hydrdyx- 

ing amygdalin. Sueh cultures when " starved" on distilled water 
produce a larpc amount of emulsin within forty-eight hours. It 
thus appears that emulsin is produced when sugar is the source 
of carbon, oven though no glucoside ih present and that ammon- 
ium nitrate m large amounts inhibits emulsin formation. Emui- 
sin appears to be formed as the result of starvation. 

Went (1901), in a vduminous article on the influence of nutri- 
tion upon the fonnation of oisymes in MonUia mopkUa, finds 
that at least ten enz3rmes are formed by this fungus as follows: 
viz., maltoglucase, trehala&e, raffinase, invertase, cytase, amy- 
lase, lipase, tyrosinase, trjpsin and rennetase. All of these en- 
zymes with the exception of trehalaiie are secreted into the cul- 
ture medium and may be precipitated from it with alcohol, al- 
though they suffer some loss of activity in this process. Ac- 
cording to the conditions under which they are formed, Went 
« separates these ensymes into three groups: (a) those that aie 
found in at least small quantities when the fungus is grown on 
any medium, (b) those that are formed only when certain sub- 
stances chemically allied to their substratum arc pi-esent, and 
(c) those that are formed only when the particular substrata on 
which they act is present in the culture medium. EnzjTnes 
belonging to the first named class are tyrosinase, amylase and 
Invertase. Trypsins and rennetase belong to the third daas. 
The formation of rennetase is entirely depend«it on the presence 
of casein m the culture medium. Maltase is formed only when 
carbohydrates are presHit and in addition a nitrogen-containing 
salt. Proteins are in mme oases able to .stimulate the secretion 
of the carbohydrate-splitting enzymes and Went suggests that 
this may be due to the presence of the carbohydrate molecule in 
them. When a substance causes tlie secretion of an enzyme the 
increase of this substance into the culture medium causes an 
increase in the se(»etion of that ensyme. Thus solutions up to 
10% of dextrin, 5 to 10% of maltose, or 10% of raffinose cause 
an increase of enxyme secretion. The author says that this in- 
crease in secretion is not due to the increase in oanotic pressure 
but does not explain the reasons for his belief. Trehalase is 
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formed when culture media contaming trehalose are used but it 
does not diffuse out into the culture inediA ; the gluooae formed by 
it, however, does diffuse out and may be detected by appropri- 
ate means. Invertase is formed when the culture medium con- 
tains sucrose, glucose, maltose, glycerin, acetic acid, lactic acid, 
malic acid or peptone. When glycerin is present in the culture 
medium, starch is tranRfomicd to glucose as in the usual case, 
but in the process no maltase is formed, aa is shown by the fact 
that maltose added to the culture medium remains unciuinged. 
Went concludes that in general the secretion of enz>-me8 is not 
to be considered a hunger phenomenon, as so many workers con* 
tend, smce there is generally more ensyme secretion in those 
fungi which are well nourished. 

The excellent work of Dox fl910) on the cnzjines of Penidl- 
liurn and Asperoilhis includes much work of a truly phvpif>logical 
character. He studied principally PefiiciUium catmmberii grow- 
ing cultures of the fungus on both iiauiin's and Czapek's media. 
These media were found not to cause a hydrolysis of the carbohy- 
drates of the culture medium, a result which no doubt has af- 
fected the resvdts obtained by many other workers. Cultures 
were grown at laboratory temperature in Erlenmeyer flasks. 
Dox enij)l<)ys the "acetonedaurhefe" method of Albert and 
Buchner for the preparation of his enzyme powder and consid- 
ers only the enzymes of the myceUum at the time of its 
sporulation. 

Box finds that nucleic add is decomposed by enzyme prepa^ 
rations from PeittaOtum eammSberti "irrespective of the pres* 
ence of nucldc acid in the culture medium." These results differ 
from those of Iwanoff (1903), who finds that the formation of 
nuclease is dependent on the presence of nucleic aeid in the cul- 
ture medium and that no nuclease is formed on a medium con- 
taining only inorganic salts and carbohydrates. 

Penicillium camemberii was found by Dox to have the power 
of hydrolyzing fat under proper conditions, but it was not deter- 
mined whether or not the presence of fats in the culture medium 
causes an increase in the amount of lipase formed. Cultures 
grown on sucrose were found to have a very feeble lipolytic 
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•etivi^. KmulMii capable of hydrolyong amygdalin, arbutm, 
aa]iem» and iihbrtusmbfonned when BucrQMkufl^ 
«f oarboD. 

Dox also has carried out a series of experiments on the eflfect 
of various carbohydrates on the formation of enzymes which 
hydrolyze them, and finds that cultures of PeniciUhnn camem- 
herti grown with sucrose as a source of carbon yield very Biuall 
amounts oi amylase. Enzyme preparations from cultures of the 
fungus gFo?m on aucrose, maltose lactose, glucose, starch and 
jnulm all show some amyldjrtic activity, but that obtained 
from cultures grown on maltose and more eqietnally on starch 
■how the greatest amylolytic activity. 

Very interesting results w^^re obtained by Dox in a study of 
the inulase of the same fungus. The effects of sucrose, maltose, 
lactose, starch, glucose and inuhn on the formation of inukise 
w^e determined. Digestion was continued for forty-two hours 
at the end of which time the amount of inulin hydrolysed in 
found to be 93% by fungal ineporations from cultures grown on 
inulin and only 3% by all of the other preparations. 

Dox finds that "the amount of the carbohydrate splitting 
enzyms may be materially increased by cultivating the organ- 
ism on the corresponding carbohydrate." This is particularly 
true of inulase, amylase, and lactase, which ordinarily oecur only 
in very small amounts. Dox further finds that " tliere is nu evi- 
dence that enzyms not normally fonned by the , organism in 
demonstrable quantities can be developed by special methods 
of nutrition. The influence of adding a particular substratum 
to the medium is, therefore, not to develop an entirely new ensym, 
but to stimulate the production of the correqKtnding enxym 
which is normally fonned under all conditions." 

Boselli (1911 1 has studii d the inulase of AspergiUiis niger with 
regard to the influence of carbohydrate nutrition on enzyme 
secretion. Boselli evidently attempts in this work to take into 
account both the ensymes present in the mycelium of the fungus 
and in the culture medium. The mycelium after having bera 
removed from the culture flasks is washed and then ground up 
with sand. The resulting mixture is allowed to digest for some 
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hours, after which the liquid porticHi is filtered off and used appar- 
ently in combination with the liquid of the culture medium as the 
source of inulase. Boselli finds that the secretion of inulase by 
Aspergillus niger is "notably constant," and that, if fqual 
amounts of variou!? carbohydrates are used in different cultures, 
the amount of inulase secreted does not vary to any extent. He 
also findsi as have other investigators, that the amount of en- 
$ymb secreted into the culture medium increases rapidly as 
cultures become older. 

Work on the enzyme tannase has given results quite at vari- 
Itnce with those obtained from the study of most other enzymes. 
Fembach (1890) finds that certain fungi when pjrown on Raulin's 
solution in which the carbohydrates are replaced by tannin pro- 
duce the enzyme tannase. Pottevin (1901) has ako extracted 
an enzyme froni fungi capable of hydrolyzing commercial tannin 
to gallic acid ai|d glucose. This eni^yme is not formed except 
when the fungi are grown on a tannin medium. 

Knudson (1913) has undertake a more extensive study of 
tannic acid fermentation, stu<^ring principally, Aspergillus niger 
and Penicillium sp. and finds that these fungi are able to fer- 
ment tannic fgallo-tannie) acid, yielding gaUic acid asaneudprod- 
uct. W htn these forms are grown on a modified Czapck's 
solution cuntaiiiiug tannic ur gallic acid, supplemented by suc- 
rose as a source of carbon, they form the ensyme tannsse. In 
the absenoe of tannic or gallic add, no tannase is formed. Gal- 
lic add is not as efficient as tannic add in stimulating the secre- 
tion of tannase. Fourteen other substances used as a source 
of carbon failed to stimulate the secrpti()n oftannase. Tlxperi- 
ments, in which a constant amount of sucrof^e and various 
amounts of tannic acid are used, show that the j^reater the amount 
of tannic acid supplied the greater is the secretion of the eu2> lae. 
Vfhea a oonstant amount of tannic add is employed with vary- 
ing amounts of sucrose, the increase in the amount of sucrose is 
found to have an inhibitory effect on the amotmt of tannase se- 
creted. Media having tannic acid as the sole source of carbon 
are foxmd to pve a maximum secretion of tannase. The amount 
of tannase secreted is regulated by the amount of tannic ur gal^ 
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Ho acid present in the substratum and in the absence of these 
substances, no tannase is formed. 

Kylin (1914; has studied the regulatory formation of certain 
enzymes in Penicillium glaueum, P. hifarme and Aspergillus niger. 
Investigations were made on the effects of carbohydrate nutHh 
tion on the formation of diastase, invotase and nuJtase. ^lin 
finds that the work of Katz along siii il u lines is not without 
certain defects since he did not consider the reaction of the cul- 
ture medium or the changes that took place in it during the 
growth of the fun^?!. Kylin believes that the acidity arising when 
glucose is present in the culture medium and the alkalinity aris- 
ing when ammonia is set free in cultures containing asparagin 
hinder the action of ensymes produced by the fungus and thus 
a true indes of ensyme formation is not obtained. In no ease 
does Kylin find any evidence of qualitative ensyme regulation, 
but quantitative enzyme regulation has been noted in a great 
number of cases. With A f^fv'rgillus niger diastase is formed when 
no starch is present, mail ose, quinic acid, mannitose, glycerin 
and peptone, being used in its st«ad. Small amounts of starch 
added to such cultures causae a large increase in the amount of 
diastase formed and, if the fungus is grown with starch as the 
only source of carbon, the amount of diastase produced is still 
greater. Dextrin is found to be quite as efficient as starch. 

The results obtained by Kylin in his work on diastase fonna- 
tion in Penicillium glaueum are in general similar to the results 
obtained with Aspergillus niffer. Small amounts of glucose 
(0.2%), together with starch, cause an iiicreuije in the amount of 
diutila^ie produced, but if as uiuch as 5% of glucose be added, a 
decrease in diastase production results. Hie regulatoiy secre- 
tion of diastase in P<entctUtum glaueum is more marked than in 
Aspergillus niger. 

In his work on invertase formation of Aspergillus niger, Kylin 
corroborates the results obtained by Colin flOl 1) on the effect 
of glucose. This substance is found to liave no influence f)Ti the 
amount of invertase produced. Invert sug:ir is likewise shown 
to be without effect. Kylia further hnds that, when sucrose is 
preset in the culture medium, the formaticHi of invertase is 
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greatly increased, and that the amount present is greater in cul- 
tures two days old than in those that are three days old. The 
results obtained with Pencillium glaucum and P, biforme are 

essentially the samp as for A.s^pergilbjs niger. Glucose is without 
influence on the formation of invertase but its prosrncp makes the 
inversion of the sucrt>se of the culture medium somewhat slower. 
It is suggested that this may be a case of chemical balance, 
glucose being one of the end products of the hydrolysis of 
sucrose. 

KyKn finds that the inveraon of maltose in the culture medium 
is similarly hindered by the presence ci giucoee in it. Maltase 

is formed not only when maltose is the source of carbon but also 
when glucose, sucrose, quinic acid or starch are substituted for 
maltose. The formation of maltase in the presence of maltose 
is greatly increased but larger amounts of maltose do not result 
in a correq>onding inereaiie in the amount of the ensyme produced. 
The inresenee of c^ucose together with maltose does not cause a 
decrease in maltase formation. The results of the studies on the 
two species of PenieiUium are similar to the results obtained with 
AspergiUu.'^. 

K ylin finally conclud'^s that his results give evidence of quan- 
titative enzyme regulation only and no evidence whatever of a 
qualitative regulation. The results of ail workers, who have 
found a qualitative eii2yme regulation with the exception of 
the work of Knudson on tannase, are questioned by Kylin. 

C. METHODS AND BiATBRIALS 

I he correlation of the experiments here presented with those 
of previous investigators along similar lines made it desirable 
that a single well known organism, which had been rather thor- 
oughly investigated along other physiological lines, be selected as 
the main object of study. For this reason and for the reason 
that it grows well on Hquid media, Aspergillus niger was selected. 
This species is readily identified and easily maintained in pure 
culture, giving it an additional advantage over the use of many 
other forms. .Stock cultures were maintained on ordiuaiy potato- 
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gIuco8e<agar and were transferred regularly in order that fresh 
spores might be available at all times during the course of the 

experiments. 

All fxix'riineiits wore conducted in Jena glass containers anri 
all water, culture media, etc, were kepi in Jena glass. In all 
experiments, except one, Eilenmeyer flaelcB of 100 ce. capacity 
were used for the cultures. In one «[penment 250 cc. Erlen> 
meyer flasks were used. All glassware was thoroughly cleansed 
and rinsed S(>\'eral times in double distilled water. Great oare 
was taken to obtain distilled v. ater free from all impurities. 

Inorganic salts used for culture media were those of Kaldbauni 
and of Merck and wore of a high degree of purity. Merck's 
anhydrous glucose, aiaitose, soluble starch and iimim were em- 
ployed. In eertaiq experiments the inulni used was prepared 
according to methods described by Haas and HiU (1913, p. 114) 
and speared to be of a high degree of purity sinoe it was homo- 
gmeous and gave almost no evidence of reducing power. Rock 
candy er>'stals were used a.s a source of sucrose. 

The culture medium was that rcconirnended by Kylin (1914) 
using ammonium nitrate as a source of nitrogen as follows: 



For convenience in mixing these substances each salt was dis- 
solved separately in a siuail amount of water. When needed for 
use the required amounts were measured into a vol mnelric flask, 
the carbohydrate added and the whole made up to volume. 

Culture flasks were then prepared by running in 25 cc. of 
the medium frtnn a burette Mid the solutions were sterilised 
for three successive days in an Arnold steam steriliser. This 
method was substituted for sterilij^ation with the autoclave in 
order to prevent tlie hydrolysis of the inulin of the culture me- 
dium. It was at Jir.st suspected that the use of acid phosphate in 
the culture medium might result in the hydrolysis of the inulin 
present but according to Dox (1910) this does not take pkce. 



Ammonium oitrote 

Magnesium sulijluite. . . 
PotaMium diphosphate 
FmtIc eUoride 



pmrtmt 

. 0 .06 
. 0.12 
TnMse 
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Various methods for inoculation of ths cultures with fungus, 
floras were tried out with the view <d obtaining the most uni- 

fwm growth possible of the fungus and at the same time avoiding 
chances of contamination of the cultures. The best results from 
all p oints of view were (^fitained by transferring two loopfuls of 
spores to each culture tiask with a standard platiuuiu loop. Tlie 
flasks were then thoroughly agitated to give a uniform distri- 
bution of the spores. 

All cultures were grown in the dark in a room regulated by an 
dectrieal thomostat at a temperature ranging from 29.5^ to 
SO'^C. Under such conditions, AtpergiUua niger on a 1% inulin 
mediun begins to form mature spores after not more than forty- 
eight hours. At the end of thirty-two hours conidiophores be- 
gin to form but cultures are still white and no mature spores are 
present. On media containing other sources of carbon than 
inulin, Aspergillus niger takes somewhat longer to sporulate. 
Other fungi grown on the same media and under the same condi- 
tions vary comriderably in the rapidity of their growth and 
maturation. 

As will be seen from the review of the literature and from the 
experimental data which will be considered later, the period at 
which the mycelium is richest in enzyme content, is at the be- 
ginning of sporulation. This is apparently the time of greatest 
metabolic activity of the fungus. At this time the mycelium was 
removed and washed until tests with Failing's solution no longer 
^owed the presence of reducing sugar from the culture medium, 
in the wash water. It is believed that this amount of washing 
was suffident to remove all but traces of the culture medium 
from the mycelium. The myceliuTi! was then pressed between 
pieces of filter paper to remove the free^vater present and treated 
according to a moiliticution of the method used by Bartholomew 
(1914) in his study of the enzymes of certain marine algae. 
' This method consists in immersing the water free myoelium for 
twenty minutes in d5% alcohol, then renu>ving the exoess of 
alcohol by means of filter paper and immersing it in acetone for 
ten minutes and a second time for two minutes. The excess of 
acetone having been removed, the material was spread out and 
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dried at a temperature of 40*'C. The material, which by thia 
process is practically completely ddiydiated, was allowed to 
remain at this temperature until it was to be used, when it waa 

cooled in a desiccator, carefiil!y weighed and finely gr(>iind np 
with fragments of Jena pliT--^ in a mortar. The pulverized my- 
celium was then placed in ila.sks and water added in proportion 
to its weight so that all the units of the experiment contained the 
same dilution of mycelium. After thoroughly shaldng the flasks, 
extraction was allowed to proceed for twelve hours in an ice- 
chest. This precaution was taken to inhibit so far as possible 
any bacterial growth. No attempt was made to utilise the 
enzyme content of the culture medium for reasons discussed 
elsewhere. 

The amount of dehydrated mycelium available varied consid- 
erably in different experiments so that it was not found feasible 
to run all experiments with enzyme solutions of equal concen- 
tration, but it is believed that, since all the units of one experi- 
ment were of equal concentration so far as the weight of mycelium 
used is concerned, the results obtained give conclusive evidence 
of the differoice in ensyme activity between the units of that 
experiment. 

All solutions thronpchout the course of the experiments were 
measured at room temperature. 

Experiments on inulase were conducted in 250 cc. volumetric 
flasks. One hundred cubic centimeters of a 1% inulin solution 
were measured into each flask from a burette and to this solution 
wss added a definite amount of ensyme solution. The flasks 
were made up to volume, thoroughly shaken and toluene added. 
They were then placed in the thermostat at 40'C. for n dpfinite 
time which varied in different experiments. The first e.vperi- 
ments performed were allowed to stand for from twelve to eigh- 
teen hours, but it was feared that bacterial or autolytic changes 
might occur in that length of tune and so later experiments were 
run for a period of four hours only. 

\^anou8 controls were run parallel with the experiments. 
Boiled enzyme extract was added to inulin solution in every 
case. Solutions of the unboiled enzymB extract alone were also 
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allowed to stand during the time of tbe experinumt and tested 
for ledueing sugar. To detennine if possible whether or not 
lymase from the myc^um might possibly break down some of 
the reducing sugar formed, formcntation tubes contiiining inulin 
and the enzyme extract wore set up to detect the possible e\ ()Iu- 
tion of CO2. These checks in jiU cades gave negative results and 
for this reason all of them except the first form were abundoiied. 
It was, however, found that inulin solutions of a strength equal 
to that of the experiments possessed a low-reducing power» after 
standing for the time of the experiment, and this amount was 
subtracted from all results. After being incubated for the re- 
quired time, the flasks were heated to the boiling point to arrest 
enzyme action, cooled to room temperature and agun made up 
to 250 cc. 

The activity of the inulase tested was judged by the amount 
of reducing sugar present at the end of the incubation period. 
This was detomined by use of Failing's volumetric method 
(Haas and Hill, p. 76), and later a similar experiment was con> 

ducted using the Fehling gravimetric method (Haas and Hill, 
p. 85). The volumetric method of analysis offers some difRcul- 
tie=^ when carried out in the presence of inulin, due to a sUght 
hydrolysis of the inulin if boiling with the alkaline Fehling's so- 
lution is continued for any considerable time. For all practical 
purposes, this difficulty is avoided if the solution to be analyzed is 
added rapidly nearly up to the end^point. By rapid manipulft' 
tion an md-point which checks within a fraction of a percentage 
may be obtained. 

It was, however, thought best to repeat the experiments by 
the gravimetric method in order to have a check on the work. 
This method gave results which check rather closely and rroni 
their general similarity to the results obtained by the volumetric 
method there seems to be little reason for beheving that the 
results obtained are not reliable. All analyses, both volumetric 
and gravimetric, were run in duplicate and the results computed 
according to factors given by Haas and Hill. 
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EFFECT OF BOG AND SWAMP WATERS ON SWELUNQ 
IN PLANTS AND IN BIOCOLLOIDS* 

D. T. MacDOUGAL 
Detert Labortriorj/, Tueaon, Aruona 

Direct effects of the watm d bogs and awampa in producing 
modifications of growth, departures in structure and form and 

in influencing general nutrition are well established and have 
long been knf)\vn. The numerous analyses of the water have 
failed to disclose physico-chemical features which might be 
held responsible for the very direct and positive action exer- 
cised in the deteimination of the plant formations of such 
places. The history of such attempts is a long one and need not 
be reliearBed here, as this was admirably done at the Ban Di«go 
meeting of this Society.* The most recent contribution to the 
subject is that by Clements who found that some of the effects 
of bog water disappeared with its oxygenation. 

One need not go very far into the main problem to be made to 
realize that many of the unsolved questions are not to be attrib- 
uted to a lack of knowledge of the composition and properties 
of the waters, but to a f Mluxe to understand certain features in 
nutritional physiology and growth, notably the water-relAtions* 
The present paper Includes the results of some studies in imbif 
bition which were undertaken primarily for the purpose of deter- 
mination of the principal physical factors in growth but which 
have been extended to a general consideration of swelling in 
protopla^iixi as affected by its own composition and by various 
solutions. 

In the effort to analyze growth and to identify some of its 
more important constituent proeesaes it was reasoned that if the 

'Presented at the meeting of the Ecological Society of America, Pittsburg, 
Jan. 1, 1918. 

* See Rigg. Summary of bog (beoriea. Plant World, 19: 310. 101ft. 
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materials w hich make up the protoplasm of a plant were com- 
bined in the form of an elastic gel sucix a mass should show water- 
rdatioDB similar to tiiose of the plant. This reasoning waa 
justified by actual experience.* Diveraified expofkneBtatioii 
leads to the oonduaion that a mixture of 80 to 90 parts of 
agar and 10 to 20 parts of albumen, gelatine, or albumen deriva- 
tives impregnated with the nutrient salts in a proportion 
decreasing to the vanishing point, simulates the swelling action 
of the protoplasm of roots and stems of the higher plants tested/ 

The chief organic constituents may vary so widely in amount 
however that the proteins may be present in greater proportion, 
as in the ease of pollen cfellSi or in bacteria in which the albimen 
content is very hi|^. The proportions of the amarfdious carbo- 
hydrates and proteins, the concentration of the included salts 
acidity, temperature, viscosity, previous history, and the com- 
position of tho snlntions in contact with the protoplasm are aU 
features which piay a part in detennining; the amount and 
nature of the swelling. The swelling of biocolloids and of 
plants may therrfore be expected to yield suggestions as to the 
character of the solutions in which it takes jriace. 

The general methods of preparing the biocolloids has been de* 
scribed in the two papers to which reference has been made. 
The completion of the preparation puts the experimenter in 
possession of dried plates from which small sections, 3 by 4 mm. 
and not more than 0.2 mm. in thickness, may be cut. A trio of 
these may be placed in a stender dish and subjected to the 
action of water or solutions in the same manner as sections of 
living and dried plants may be treated. 

Bog water was furnished by Mr. E. R. Long, who procured a 
sample from Ronalds, in the region of Seattle, Washington. Mr. 
J. M. McGeeofthe Department of Chemistry of the University 
of California, reports the foUowiiig constituents: 

* See MacDougal and 9poeht. Growth and imbibition. Proe. AmeT. Phil. 

Soc., 66 : 335-338. 1917. 

* Sec MacDougal and Spoclir. The effects of auids and aolta uu biocoUoid4. 
SeSenee, 4i: 909. 1917. 
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from 

Soluble organic mutter U 106 

A«h (chiefly CaSO,) 0.048 

Total soluble residue 0. 154 

RaMtion neutral 



Swamp water was procured by tlie kindness of Dr. S. A. 
Gortuer, who obtained a sample from near Auoka, Aliuuesota, 
eo&eenitiig which he says, 

This sample was taken about 20 iniles north of Minneapolis in 
Anoka County, of wliich three-fourths of the area consists of peat 
lands. These peat lands are of the grass and aed^e formation, the peat 
being from 4 to 6 inches or more deep, fairly 'vr)! flrr omposed and one 
of the better grades of peat for agriculturai purpoi>cs in that it con- 
tains an appreciable amount of lime. I believe that you will find this 
sample of water perfectly typical of most of the large grass bogi of 
Minnesota. 

The analysis of this water shows the following: 

P»r liUr 



gram 

Soluble nrdanif mattrr 0 004 

Ash (CfuSO* with trace of NaCl) 0 128 

Total i^oluble residue 0.282 

Reaelion neutral 



The first trials of the action of these waters was made with 
living matorial. Circular disks 12 mm. across and of an aveP' 
age thickness of 11 to 13 mm. w«fe cut out from joints of OpvmHa 
discata which had matured at Cannd, Califurnia, in the summer 
of 1917. Trios of these sections were placed in small stender 
dishes and a triangular sheet of glass was placed ox er them. 
Tlie vertical arm of an auxograph was adjusted so that its lower 
end rt'teicd in a ground socket in the center of the glass plate. 
The pen wa^ adjusted to the zero line of the record sheet and 
when the dishes which had a capacity of 25 ec. were filled with 
a solution, the av^age increase of the thickness of the three 
sections w as recorded. All of the records given in this paper 
were made with liquids ranging in temperature between 13.5^0. 
and 15°C. unless otherwise fjpecified. The first set of measure^ 
ments of swelling of Opuiuia comprises the folio wing data: 
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OAICSm NITAATa, (U 


KMm 


p«r cent 










18.2 


1S,Z 


u.e 


15.5 





The fialBhim nitnte sohitioii ia of the oonoentratioii in whidi 
this salt enters into nutiient solutkms. All jneaauiementa were 
closed at the end of forty hours. Some sweUing was still in 
progress, but the rate of increase in the swamp water bad ap- 
proached the end point or zero. 

The equivalence of the effects of distilled water and of bog 
water is obvious and the l^sencd sweUing in swamp water is also 
demonstnited, while the ewelliug is greater in ealeium nitrate 
solution than in the swamp water. 

AnoHier series was canied out in which sections of Opuntia 
were swelled at temperatures of 18 to 20^0. in acidified and salt 
solution" It is to be noted here that while rise in temperature 
retards imbibition in simple gels, yet this law cannot apply 
directly to the swelling of biocolloids or living plants. The 
measurements of swelling of Opuniia in various solutions at the 
given tanperature was as below: 



•wamp waTBA 


aw AMP WAT£H, ( ITHiC ACID 0.01 M 


rOTAMIi-M NITHAra, 0.01 M 


per ctnt 


per ctnt 




14.4 


14.9 


14 




C3TAIC ACID 


MCAMnw MitBAn. cnuc 


rOTMUDM HTDBATB, 0.01 M 






per cent 


7 


9 


12 



The measurements in swamp water alone and with acid include 
the full increase in ninety-six hours while the others extended 
over from twenty to forty hours. 

No important effect can be ascribed to the acidification of 
swamp water. The sweUing of the sections in the hundredth- 
molar solution of potassium nitrate was but little below that in 
the swamp water but when this solution was similarly and 
equally acidified, a decrease ensued. 
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Tb» foregoing tests were made with aeetioiis in a Uviiig oondi- 
turn in whieh ciuestione of penneability and oamotio aetion 




Fig. 1. The use of the improved mndrl of :iuxognph illlB0a«liraill0Bt of fWsU- 

ing of sectioDB of plants and of biocolloids. 



might possibly play a part. Material wjis prepared to exclude 
the action of the living cell. The ehlorophyllous layers were 
removed from the two sides of joints of Opuntia and slices, 7 
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mm. in thickness, were cut in the plane of the joint and placed 
between two sheets of filter paper to one of whieh they adhoed. 
A second sheet was laid over them and the preparation placed 

on a wire netting to dry without pressure. In six days the 
thickness had been reduced to about 0.5 ram. and enough mois- 
ture still remainod to give the slices a leather^" consistency. 
Suitable sections free from visible fibrovascular tissue were pre- 
pared which gave swellings as loilows: 





moo WATu 


SWAMP WATER 


srmasn soli-tiom 










660 


m 0 


530 


625 0 


47 


46.5 


38 


44 3 



These measurements were taken at the end of twenty-four 

hours when a fair rate of increase was still noticeable which 
would ill the end have carried the figures up to the next hundred 
in the upper lines which gives the swelling in percentages of the 
thickness of the dried sections. The lower line shows the pro- 
portion to the original measurements of Uving mat^ial. The 
swelling in bog water is but little less than in distilled water 
and is also but little different from that in the nutrient solution, 
which is of the conc^tratlon used In watw cultures. Hydration 
is however noticeably less in swamp water. 

The nutrient solution used in all of these tests was one made 
up after Tottingham's formula including four salts as follows: 
Potassium nitrate 1 M, di-potassic phosphate 2.38 M, m^nesium 
sulphate 2.97 M and calcium nitrate 2.95 M. 

Attention was now turned to the biocolloids to aseortaan 
whether the action of plant material living and dried would find 
a parallel in the action of mixtures of known composition. Sec- 
tions of plates composed of agar (90) and oat-protdn (10) were 
found to show the following swellings at loT*. 
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The dflereaaed swelling in swamp water amd the hi^ ewelling 
m bog water were marked and invariable. 

The biocolloid approach^ more nearly to the condition of the 
protoplast however when in common with all living matter it n- 
cludes some salts. The above mLxture treated with nutrient 
salts was not available, but some plates in which the oat-protein 
was r^koed hy bean-inotein to which had been added 0.8% of 
nutrient salts were swelled in a parallel series. The untreated 
mixture free from the added salts does not show as hi|^ a ca- 
pacity as that made up with the oat-protein. The measurements 
of the increase of the agar-bean-protein-salted sections at 15°C. 
were as follows: 
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These measurements were takoi at the end of forty hours while 
some increase was M'l]] in progress, but the final relations would 
not have been materially altered by the use of the end points 
for the comparisons. The retarding action of the swamp water 
and the equivalence of swelling in pure water and bog water 

therefore runs plainly defined throiii^ all off tiie experiments 
with living and dried sections of plants and in tests with salted 
and unsalted biocoUoids. Calcium nitrate m the concentration 
used exercises a more marked effect on the salted biocolloid 

than on the unsalted mixture and on the plant material. The 
calcium content of the biocolloid is probably much higher than 
that of the plant so that the two sets of measurements are not 
strictly comparable. 

Hie calcium solution contained about eight times as much salt 
as the bog water and nearly three times as much as the swamp 
water which also indudes a trace of sodium chloride. A series 
was therefore arranged to compare the action of the two with 
equivalent .salt solutions. Sections of agar and bean-protein 
impregnated with 0.8So of nutrient salts were swelled at 16^C. 
with results as follows: 
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Bog water and an equival€int caldum solution allow equal 
swelling, but the increase in swamp water is much less and also 
less than in the equivRlent calcium solution to which may be 
attributed most of the retarding effect of the swamp water. 

The capacity of tlie biocolloids varies with the proportion 
between the carbohydrates and the proteins and protein deriva- 
tives. A mixture was now made up whieh eontamed not only 
a hii^ nitrogen content but a second carbobydnite, while five 
albuminous compounds were included* For this puipoee 70 
parts agar, 5 parts each of dextrose, peptone, gelatine, asparagin, 
nucleinic aoid and bean-protein were suitably liquefied and 
poured into plates which dried down to a thickness of 0,2 mm. 
Swellings of sections of these plates at lo'^C. gave the following 
increases at the end of twenty-four houra. 
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The total swelling in distilled water for this biocolloid is low 
although it is to be noted that swellings as hig^ as 1200% in 
distilled water have been measured at temperatures of 18 to 

20*0. 

Sections from plat^ made up as above but to which had been 
added 0.8% of nutritive salts gave increases as follows ui Lem- 
petatuies of 15^C. 
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This complex biocoUoid high in nitrogen and in the nutritive 
salts displays a capacity in swamp water superior to that shown 
in bog water or pure water. The properties in question would 

enable a plant so equipped to thrive in the waters of swamps 
and it would bo interesting to determine whether such a condition 
actually prevails in the plants of the sedgj- swamps. 

The earher attempts to interpret' the swelling action of proto- 
plasm were founded on the assumption tiiat such increase might 
be represented by the action of gelatine. The unsoundness of 
this assumption and the inadequacy of the metiiods using this 
mattfial have been amply demonstrated by results previously 
published. At one end of the scale stand some plants and seme 
plant structures high in protein compounds and low in pentosans 
and these do show a behavior approximating that of gelatine. 
This is illustrated by tlie following series in which sections of 
gelatine plates 0.18 mm. in thickness were swelled at 15°C. 
giving measurements as follows: 
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The swelling of sections of agar plates 0.2 mm. in thickness at 
15*^0. resulted in increase of 



DM 


nUB WATS* 






mnm Mum<»f,M 


700 


680 


42$ 


878 



It is to be seen that all of the solutions decrensr the ^welling 
capacity of the agar below that displayed in distilled water, and 
that the greater reduction in the nutrient solution is to be 
attributed to the hi|^er salt content. 

Plants of bogs and espedaUy swamps are undoubtedly sub- 
jected to great variations in the composition of the watv by 
reason of inundations and floods. It was therefore thou|^t 
pertinent to extend experiments begun in 1916 in which aiteniap 
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tions of solutions were made in such manner eb to test the ^ect 
of previous history on the behavior of a biocolloid. SectionB of 
agiOKiat-iiroteiik 0.18 mm. in thickness swelled 972% in twelve 
houiB at 17 to l^C, and reached a total of 1233% at the end 
point in one hundred and eight hours which rtr quivnleiit to 
results previously attained and hence afford a fair basis of com- 
parison with the following", in which a trio of sections swelled 
2361% in distilled water at the end point in seventy-two hours. 
Replacement of the pure water with swamp water was followed 
by a slow shrinkage which however amounted to only 36% of 
the original volume. No swelling agent yet tested has been 
found to reverse the action of another sohition so fully as to 
bring the dimensions of the sections down to the dimeDSicntf 
which might be attained in the second agent alone. 

Sections of a biocoHoid consisting of 90 parts agar, 10 parts 
of bean-protein, to which 0.8% of nutrient salts had been added, 
0.18 mm. in thickness were now swelled in swamp water at 18 
to 20°C. The increase was measured at the end of sixteen 
hours, at whidi time the total sweilfing was 1082% . The swamp 
water was now replaced with hundredth-molar citric add — 
potassium nitrate for thirty-six hours during which tune no 
appreciable change was rc^stered. Replaocancnt of this solu- 
tion with swamp water was fr^Ilowed by a resumption of the 
swelling whicli (-trried the thickness of the sections to 1388% 
of the original \\ Inch is greater than that attained in the smipie 
continuous swelimg m swamp water. 

Swamp water is high in salts and it Is probably this feature 
to which its influence on swelling is due. A test parallel to the 
above was made in which the sections were first swelled in a 0.5% 
nutrient solution in which the salts are somewhat more concen- 
trated than in tho -sw-fimp water. A swelling of 888^^/ took place 
in seventeen hours, ;it which time the pen of the mixograph 
was tracing a horizontal line. Replacejiient of tin imtrient 
solution with the acidified potassium nitrate solution was fol- 
lowed by a ver> slight swdling. When the salt solution was re» 
placed by swamp water an increase of 333% followed in for^ 
hours. The two tests were paralld ensept that the initial treat* 
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xnent in one eaae was with nutrient solntion in whieb the salts 
were more concentrated than in the swamp water used in the 
other. The final swelling in the second ease b greater and may 

be attributed to the initial salt action. 

In a partial repetition of the above test the sections placed in 
nutrient solution swelled 861% in twenty hours. Lengthening 
the immersion in acidihed potassium nitrate to fifty-five hours 
was accunipaiiicd by a swelling of 55%. Replacement with dis- 
tilled water set up a slow increase which resulted in a gain of 
111% in thicImeBs in forty bonis. The total increase was 
1027%, while the one finished in swamp water swelled 1388%. 

The relative effects of swamp and bog water on biocoUoids 
were tested in still another way. Plates of agar-oat-protein 
were prepared in which st rips of webbing of cotton were imbedded 
in tiie soft material as it cooled for the purpose of testing the 
influence of certain purely mecliauical features on swelling. 
Portions of the plates dried down to a thidoues of 0.18 mm. in 
the clear portion of the plate and sections from this swelled 
2111% in bog water and 1195% in swamp water at 15*^. Sec- 
tions containing webbing wore 0*68 mm. in thickness and the 
actual inereafe of such sections was 491 '^f in bog water and 
distilled water and 371 in swamp water. If the increase be 
calculated on the assumjition that the webbe i < ( tions included 
as much biocoUoid as the free sections the proportions would 
be 1583% in bog water and duelled water and 1195% in swamp 
water. 

The foregoing paragraphs describe a series of tests made for 
the purpose of determining the effects of the water of sphagnum 

bogs and sedp:>' swamps upon plants. Detailed analyses of water 
rharaf teristic of l-toth habitat hrn r long been availnhlr, but it 
has not been possible tu explain some of the more marked effects, 
on the basis of such information. 

An effort has been made to&id such an explanation by further 
studies of the mechanism of hydration of protoplasm. living 
matter swells in solutions in the same manner as biocoUoids con- 
sisting of salted mixtures of varying proportion of agar and pro- 
tein or albuminous derivatives. The swelling of biocoUoids 
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and of living and dried sections of plants in distilled water, bog 
water, and in a ealdum solution of the same oonoentiation as 
the bog water are practjcally eqtiaL So far as known to the 
writer the effects of bog water are not attributable to any of its 
known constituents, and its low oxygen content as tested by 
Clomonts may be responsible for its morphogenic and physio- 
logical efTocts and its domination as a factor in tlie habitat. 

Swamp water iias been found to affect absorption and swelling 
in the saine manner as an equivalent solution of calcium sul- 
phate. Swelling and absorption axe retarded by swamp water 
in salted biocoUoids and in seetkms of plants containing a large 
proportion of pentosans and a low protdoi content. BiocoUoids 
with a high protein and salt contrat on the other hand show an 
enhanced absorption in swamp water. Tnferentially, plants of 
similar constitution would carry on absorption readily and thrive 
in swamp waters. Whether adaptation to swamp habitats 
actually takes this course is not known. 
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Fossil Plants. — This third volume of Sowai d's' work, appropriately 
dedicated to the late Professor Zeiller, is 8eparat<»<i from vol. ii by an 
interval of seven years, and from vol. i by nineteen years. Naturally 
in a work extend^Ilg aver ao long a period of time much uoeimineaB 
of tevatmeat will be unavoidable, and while the long dday is not witii- 
out recompense in the amount of new material that it has been possible 
to include, it scarcely adds to a synoptic presentation. We are told 
that vol. iv, which concludes the work, is now in press and will be 
iasued very Boon. 

Hub haB been a noteworthy undertaking and the results in certain 

directions are altogether admirable. There can be no doubt of the 
ii«pfnlness of thf book, particularly in the case of mattirr students and 
professional morphologists. The author has a wide acquaiiil^ne with 
the literature, especially in the field of morphology, and if the book 
did not seem to be pervaded with an air of didactic omniBcience it 
would be ungracious to criticize it. The unevenness of treatment is 
thv rhivf firfect It is impossible to discover any method of selection 
of matter — ^ unimportant and dotihtful ohjeets are (iistussed, particularly 
if they happen to be British, as for example the fossilized phloem that 
has been christened Fecifa,* while more important material is not even 
mentioned. In a lai|^ work one expects a well formulated method of 
selection or an avowed purpose of ignoring a part of the field in which 
the author is on unfamiliar ground. Perhaps the author does not have 
any such feeling, but certainly the aniiiomical part in which his chief 
interest has hitherto lain is exceedingly well done and cannot be criti* 
eiaed, except as differences of opinion naturally exist in the interpreta- 
tion of various structures. When, however, he deals with Faleosoie 
seeds prpservfd as ca.'^ts and impressions, or with fronds of eyeado- 
phytes and HuniJar classes of remains, the work abounds in erroi-s of 
omission and commission, and presents a very incomplete picture of 
this aspect of the subject. I have, in another place, dwdt upon some 
of these points at considerable length. They weaken the book's influ- 

•Sew.ird, \. C , Fo3.«*i] Plants, vol. 3i Cambridge Biologiokl SbHci, xvlii 4 
056 pp. 629 fies. CatDbridge, University Press, 1917 (94.50). 
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ence Irum the stratigraphic or truly historical side. In the present 
notice, however, designed for botanical leaden, I wiah to confine what 

I have to aay to the phases of t}u> present volume that are of most 

interest to them, what I have already said being sufficient to put them 
in a critical frame of mind toward statements the validity of which 
need testing. 

The volume opens fdth a veiy satisfactory' chapter devoted to a 
discussion of existing cycads, krgdy an abstract of alteady fmbliahed 
data. Then follow three chapters devoted to the Pteridospermae. 
These are divided into three families — the Lyginopteridae, MeduUoseae 
and Steloxylene, and are rather fully and very satisfactorily discussed. 

The remaining structural forms that are probably more or less 
clca^ related to the for^soing pteridosperms are considered to repre' 
sent tile following seven famiUes: — Megaloxyleae, Rhetinangieae, Steno- 
myeleac, Cyeadoxyleae, Calaroopityeae, Cladoxyleae and Proto- 
pityeae, and these are discussed in a separate chapter under the proup 
term of Cycadofihces. These presumable pteridosperms, because of 
the dearth of emidusive evidence are thus Arbitrarily s^regated. 
While caution is to be commended in dealing with fragmentaiy plant 
fossils it may be questioned whether judgment may not be suspended 
until it dies of inanition. It is also questionable how far it is desirable 
to introduce purely artificial groups, and if it be g^ranted as desirable, 
it may be pertinait to ask what criteria are to decide such a question. 
That such a course does not ra^ for dsamess and that such questions 
rest after all upon personal equatioii rather than upon objective facts 
may be illustrated by (Award's reference of the genus Steloxylon to his 
Pteridospermae and the scarcely to be distinguished genus C/adaxy2on 
to his Cycadofilices. The fact that so many of the so-ealled families 
of the latter group are monotypic is oonvtoctng enough evidence that 
they illustrate chance discoveries and the imperfection of the geological 
record rather than that they were really monotypic. Following the 
chai>t< r ievoied to the Cycadofilices there are two chapters dealing 
with tiic Cordaitales, which are described under the three groups of 
Fonncyleae, Gordaiteae and Pityeae. The statement on page 276 
that there is no proof of CJordaites in the Arctic may he a statement of 
opinion — it hardly a fact. Similarly the statemrnt that it is not 
certain that Cordaitea flourished before the Carboniferous is also a 
matter of opinion and not of facts. There is abundant proof of the 
eristMiee of CordaitesJike forms in the Devtmiaa. 

A succeeding diapter of 66 pages is devoted to Paleosoic gyrono- 
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■pemous aeeds and in thk there aie maiqr things to take exception to, 
although the parts describing the results of the mor])ho!ogical inveeti- 
ffations of the British and Frrnch students of petrified materials are, 
on the whole, very well done. Tlie remainder of the book is taken 
up with the description of foesil Cycadophjrtes. These are very well 
handled and give a satisfactory summary of the present state of our 
knowledge, although the concluding chapter, that dealing with the 
frond genera, is much abbreviated and not especially noteworthy, as 
I have already remarked. 

Unless one reads with discrimination one will gather the idea that 
the Mesoaoic flora was dominated by plants of the type of Cyeadeoidea. 
This is rather wide of the mark. The Cycadeoideas arc significant 
chiefly because their wonderful preson-ation has enabled Wieland 
and others to imravel the details of their structures so that they have 
become the key to our understanding of Mesosoic Cycadophytes. 
Th^ are prohably lees important from a phylc^enetic standpoint than 
sudi (wttM as Widani^ or WHUamBonuUa, It is moreovM' fictremely 
doubtful if the Cycadeoideas were ever much more of a dominant 
element in the Mesozoic floras than are the existing cycads in the 
Recent flora. They represented a very much specialized side-line with- 
out issue, while the really important Cycadophsrtes of the Mesozoic 
were those fonns which Wieland has grouped together under the name 
of the Williamsonia tribe. In these, while the fructifications were 
morphologically like those of Cyeadeoidea, the habit was very dif- 
ferent, and it is these forms that approach the ancestral Pt<'ridos[)erm8 
on the oni; hand, and typt's like the Ginkgoalcs on the other. It seems 
probable that the bulk of the frond genera- belonged to the William- 
sonias rather than to the Qycademdeas. Beward is hardly justified 
in doubt iiip the bisexual character of the so-called flowers of CycadeoiHra 
GibaoniaiKi, nor is it easy to follow Imn in his explanation of the sup- 
posed corona of WtllMimonia gigas as, morphologically, a whorl of 
connate stamens in a central terminal position. When it is ranem'^ 
b^d that throughout all of the Qycadeoi<fea species already inves- 
tigated the megasporophylls become more or less sterile distad and 
that in some species, as Wieland has demonstrat<'d. these, together 
with the prolonged interseminal scales are modifted to form a mop-like 
tuft at the apex of the receptacle, and also having in mind the ears 
or . wings of the mierosporophyUs that formed a canopy over the 
apex of the receptacle in Cyeadeoidea colossalU, it is quite possible 
to explain Seward's figures Md and 547 in a variety of ways with- 
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out recoune to the improbable hypothena that we have terminal 

micfiiMiporophylls. In fact» there is no evidence that the soHaJled 

microsporophylls of Williamsonia gigas described on page 435 belonged 
to that sprcics. Fip;. 540 no doubt represent a synangia-bearing 
disk of a Williamsonia, but tiiere is not the shghtc«t evidence that it 
belonged to WUUamtonia gigas, or that it should be placed on the end 
of * W^iamsonia carpellaiy receptacle. Similarly the sterile didcs or 
infundibuliform orgfms have not been demonatiated to have been 
borne on the apex of the receptacle. 

Professor Seward's position on the diflicuhy of founding well marked 
botanical species upon material that in preserved as unprcssions is 
well known and often sound. However, this does not justify the 
iBsumption that all foesila that are superficially similar bdonged to 
the same species regardless of pcop-aphiral position or f^colofjical 
horizon !-!nch a method of treatment, well illustrated ui t>eward'8 
Jurassic iiora, entirely obscures whatever real value such fossils may 
have for purposes ot deduction concerning geographical dktribution, 
the problems of paleogeography growmg out of distribution, and the 
bearing of fossil plants upon stratigraphy. 

On page 278 the fjenns Pcloitrdea is proposed for the lonij known 
Yticciies vogesiacm of Schimper and Mougeot heeause the author con- 
sideie it undesirable to retain a designation suggesting false ideas with 
regard to affinity. No one now supposes that this is suggested and audi 
a proposal is entirely unwarranted and can only be confusing instead of 
clarifyinp. Moreover it is flyinft in the face of all ranona of nnmen- 
clature. A name of a penus is simply a name, and we use generic 
names for couveuience cliietiy, and not in a descriptive or phylogenetio 
sense. I unagine that fully 25 per cent of the names in qrstemattc 
botany and zoology arc equally inappropriate for one reason or another 
but (his (l(K's not afford any justifuation for attempting to replace 
them. There is surely a difference between retaining a degree of per- 
sonal independence in the face of codes and the persistent refusal to 
recognise the fact that practices of this sort serve only to confuse the 
subject. 

The proof-reading of the present volume is not as good as in the 
preceding volumes, a number of the illust rations ^are Tinu«!i;;!l:' ooor 
and some might better have been omitted. Nor is the lul)liogiaphy 
reasonably complete. The latter like the text shows no method of 
selection and appears to have just happened in the form in which it is 
printed.— Edwabd W. Berry. 
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BoTANT OP Cbop FkiANTS.— The ftutbor and the paUulien are to be 

congratulated on the contents and the general a|>pearance of this 
useful publication. It fom^pnt rates in convenient and sinnpln' form 
many facts that make it useful either as a text or reference buok. In 
gnuaral make up it leeembles another recent publication of this firm, 
Harahberger's Mycology and Plant Fathdogy. 

Aa indicated by tbe title the hook treats chiefly of plants grown by 
man for his own use, nnd as food for his stock. Wero it not for such 
prominent exceptions :is cotton, flax, hemp, hops and tobacco, it might 
be called the Botany uf Food Plants. Drug and ornamental plants 
are not included thou^ more or leas grown as ercqiB in some distrieta. 
The plants <tealt with are those grown in the United States, and evi- 
d(>iitly more attention was given to those rongcnial to tomporatr ropions 
than to those tropica! or semi-tropical in nature. The date is entirely 
neglected. Some four hundred botanical species and varieties are 
treated more or less in detail, not ooonting many hortieultunl varieties. 

The first part of the book, ogbt chapters, is devoted to a brief de- 
scription oi the morphology and histology of plant structures. This is 
given to make more intelligent the systematic and economic discussions 
in the remaining thirty-two chapters. These are taken up with a 
consideration of the most important economic families, genera, and 
species, beginning with GramineB and ending with CompositaB, in 
orthodox botanical style but in a popular manner. Of course the 
Oraminejp receive the most attention and Robbins, true to American 
tradition, evidently considers corn King, for it receives the greatest 
space, some thirty-fom: pages, though wheat and potatoes are rival 
candidates for this honor. Malm and its relatives receive much more 
attention than CUrus, which would tend to make the work more jiopular 
in the state of Washington and the north than in California and the 
south. 

Each family, genus and species receives popular botanical treat- 
meat from a morphological and systematic point of view, followed by 
information as to varieties, harvesting, manufacturing, uses, distribu- 
tion, origin, etc. The illustrations arc well chosen and varied. Scien- 
tific and common names are used in proper proportions. The whole 
concludes with an ^extended glossary and a complete index. — G. P. 
Clinton. 

'Robbins, Wilfred W., The Botany of Crop Pianta. Philadelphia, P. Blak- 
iston'a Son and Company, 1917 (S2.00) . 
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ON THE (XXmRPNCE OF PINUS BANKSIANA IN 
SOUTHEASTERN MINNESOTA 



a O. R08ENDAHL amd F. K BUTTBRS 
VfUMrtitv of Minimuota, MiimtapoK*, Mimutala 

The main pine forests of Minnesota occur to the northeast of 
a line drawn, rougiiiy speakiiig, from near the northwestern 
corner of the state in a southeastnly directioa to the Wiseonain 
boundary at about latitude 45^'. This line is not straiglit 
but shows a mariced convexity towards the southwest, amount- 
ing to about 75 miles in its middle portion. In the northwest 
the pine woods come within 50 miles of the Nortli Dakota bound- 
ary being there separated from the prairie country by a strip of 
deciduous forest and brush 15 to 35 miles in w idth. The greatest 
south westward extension of the pine forest is just back of a 
great series of lakes running in a southeasterly direction through 
Beeker, Doui^, and Otter Tail counties. In the southeast 
the boundaiy runs in a nearly straigjht east and west direction 
inunediatdy south nf the 46th parallel of latitude. (See map of 
forest areas.) A few miles east of the Wisconsin border it again 
turns to the southeast and extends in that directinn to the 
south central part of Wisconsin. The deciduous forest belt to 
the west and south of the pine woods, which is very narrow in 
the north, widens considerably soirthward and about latitude 45* 
reaehes a maximum width of over 100 miles. 

The orii^nal distribution of the three species Pinus Strabut L., 
P. rettnota Ait., and P. Banksiana Lamb., within the evergrsen 
forest area was determined largely by soil conditions. The Jack 
Pine {P. Bankainnn T.amb.) occurred most abundantly on s«ndy 
outwash plains, sucli a,s those which extend from Mille Lacs 
westward nearly to the boundary of the pine area, and in the 
great paleozoic sand plains of central Wisconsin. The white pine 
(P. Sircbua L.) was found particularly on the more clayey soils 
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of glacial moraines — in the richest soils often mixed with decidu- 
ous trees. The Norway pine (P. remnosa Ait.) occupied the in- 
termediate types of soils and mingled more or leas freely with 
both the oth» speoieB. 

Of the three apeciee of pine in Minneaota, P. Strobua L. is the 
one most eapable of maintaining itself outside the evotgreen 
forest area and of fonning isolated outposts. Numerous sueh 
patches occur down the valleys of the St. Croix and ^fississippi 
Rivers a.s far south as mirlrlle Iowa and westward on many of 
the tributaries of the Mississippi, 30, 40, and in a few cfiises even 
50 iiuies back from the main valley. 

For the most part these oatpoete oonaiet of a few tnes, uaa- 
aliy perdied on rodcy ledges toward the top of the river bluffs, 
but now and then they form almost pure groves an acre or more 
in extent. Occasionally single isolated trees occur in thedenaei 
deciduous forest of the north-sloping hills, but in general there is 
no such general and intimate admixture of white pine and de- 
ciduous trees as is connnnn in parts nf A\ iscouam and Michigan 
and in southern New Engiaud. So far as the authors have been 
able to ascertain there are about thirty of these isolated patches 
of white pine in southeastern Minnesota today. (See map.) In 
a few of these only old trees have been observed, but in most of 
them a few younger trees and seedhngs occur, so that left to 
themselves, they would in all probability maintain themselves 
indefinitely. 

The other two species behave quite differently from the white 
pine in their distribution. Pinus resinosa Ait. stays well within 
the general pine area except in the valley of the St. Croix River 
in the vieinity of Taylor's Falls, where, with the other two speeies, 
it forms an outpoet a few miles beyond the graeral bonier of the 
evergreen forest, growing on the exposed pre-cambrian diabase in 
the river valley. The white and Jack pines, therefore, form the 
skirmish line along practically the whole boundary of the pine 
area, but it is very seldom that outposts of the latter appear be- 
yond the general area. In fact, up till the summer of 1915 
only three such stations were known, all of them less than 15 
miles from the main pine line. (See map.) 
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In June, 1915, a grove of Jack pine was found about 3 miles 
west of Rushford in the Root River valley, near tlie southestem 
corner of the state. This station is about 120 miles southeast of 
the previously known limit in Minnesota and about 50 miles 
southwest of the nearest place where Jack pine is known to us 
to occur in Wisconsin. The grove is situated just west of the 
western edge of the driftlcss area. It lies on a north-sloping 
hillside which is built up from disintegrating paleozoic sandstone 




Fig. 1. Isolated grove of Jack pine {Pinua Banktiana) in southeastern Minnesota 



so that the soil is very similar to that of the typical Jack pine 
country of north central Minnesota and central Wisconsin. 
The grove is 5 or 6 acres in extent and contains several hundred 
trees of all ages and sizes, with numerous .seedlings. One part 
of the grove is almost a pure stand of pine (see figure), while 
other parts contain a considerable admixture of scarlet oak and 
poplar with undershrubs of Corylus americana Walt., Rubus 
idaeua L. var aculeatissimus Regel & Tilling, Ilex verticillata (L.) 
Gray, and Cornus sp. Most of the pines range from 7 to 12 
inches in diameter and 40 to 55 feet in height. There are also a 
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few larger individuals, some of them old and broken by the 
wind, which attain diameters of 14 to 16 inches. 

In some of the largest trees cuts made to a depth of 2§ to 
3 inches and fifty to sixty yearly rings were counted. Granting 

that the growth was much more rapid in the earlier periods of the 
hfe of the trees it is safe to estimate that these individuals ranged 
in a^e from ninety to over one hundred years. One old stump, 
about 12 inches in diameter and probably cut some teii years 
ago, showed over ninety rings. This clearl} proves that tiie 
grove is not a planted one for the neighboring country was first 
settled by white men in the early fifties of the last century. 

That the grove is a natural one is further attested by the fact 
that associated with the pines are a number of species of herbs 
and shnibs which occur typically with the Jack pine iu the north. 
The most noteworthy of tliese are Oryznpffis pungens (Torr.) 
Hitch., Carex aiccata Dewey, and V acciniutn penmylmnicum Lam. 
The first two c$ these have not been found previously in Minne- 
sota outside of the pine area. Other species found in the grove, 
which grow most abundantly in northern Minnesota, are Chimth 
phila umbellata (L.) Nutt., Hepatica amerieana (D.C.) Ker.» 
Houslonia longifolin Oaertn., and Lupinxi^ perenm'ft L. A num- 
ber of the above named species occur abundantly with the Jacic 
pines in Wisconsin, 50 to (50 miles to the nortlieast , and ayipear to 
be natural concomitants of the Jack pine forests ul Mmuesula 
and Wlseon^. 

These facts all prove condusivdy that the grove in the Root 
River valley, fyii^ SO miles outside the present limits of con- 
tinuous pine forests, is a patch of natural Jack pine forest which 
has in some way become isolated and has succeeded in maintain- 
ing its existence in all probability since placial times. In at- 
tempting to account for the presence of this prove in southeast- 
em Minnesota, together with the twenty-six to thirty scattered 
occurrences of white pine, the most plausible explanation is that 
ihey are all relics of a former general distribution of pine forests 
throughout this area of the state. 

The southeastern part of the state now covered by deciduous 
forest, or more correctly speaking, that which was so covered at 
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the time of settlement, was in all probability evergreen forest 
during Uie later glacial periods, whieh did not disturb any portion 
0$ soutiieastiffn Minnesota. In fact it is not unlikely that the 
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wholly driftless arsa of Minnesota and the adjoining states har- 
bored such forests throughout all the time that ^aciers were 
sweeping around it, first on one side and then on another. That 
evergreen forests can exist in close proximity to and even upon 
glaciors i-^ shown by eorulitions which now obtain in the Selkirk 
Mountains and in Alaska. 
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The subsequent disappearance of mobt of the pine from south- 
eBsbem MinneBota and northeestem Iowa can be aacribed to a 
combination of causes. The gradual waiming up of tbe dimate 
broui^t about conditions more favorable for the development of 
deciduous forests and in the competition that ensued tlie pine 
gradually lost out. Such competition would be less sharp, and 
the dangers to the pines from the excessive shade of the decidu- 
ous trees less imminent on the ledges and steep slopes where the 
pines are now found. A factor which undoubtedly played an 
important part in the elimination of tbe pine was the repeated 
entrance of fires from the nei^boring prairie countiy. Even 
within the wooded region of southeastern Minnesota there are 
numerous small prairie tracts, especially along the high ridges, 
and the south-facing hills of the east and west trending river and 
stream valleys. It is a well known fact that pine trees are much 
more easily injured and destroyed by running fires than decidu- 
ous trees, and the only place where they would have a chance to 
survive would be on tome ci the favorable rocky ledg^ and river 
bluffs whefe the fires could not reach them— just tbe places 
where the pine now occurs in this region. That files, such as are 
known to have been habitually started by the Sioux Indians, 
had much to do in determining the extent of even the deciduous 
forests of southeastern Minnesota, is shown by the fact that 
numerous exposed ridges in Houston and Fillmore Counties are 
now timbered, which were devoid of trees at the time the country 
was settled some sixty-five years ago. Since the country became 
settled and the fiie dang»' thereby was eliminated, numerous 
artificial groves of white pine have been established through- 
out the region. Some of the best examples of these groves 
are located as far west as Austin in Mower County, well out 
in what is classed as prairie country. 

Even though the Jack pine is represented in southeastern Min- 
nesota by but a single known natural grove, our a.ssumption is 
that it occurred synchronously with the white pine and balsam fir' 

> For A similar isolated occurrence of the latter trf^p in the adjamnt i>art of 
nortbeattem Iowa, see Sargent, C. H., Amcricaii Sylva, 12, 109. . TMs locality it 
believed to be now extinct. According to M. P. Somea the balsam fir oeears also 
several miles south of Hesper, Iowa. 
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throughout the region iii localities suitable for its development, 
namely on the sandy soils which occur near extensive outcrops 
of sandfltone. 

That no morerelios of it occur is to be explained by the theory 
tiiat fires and competition with df i luous forest trees drove it 
out of all other localities, for it could not, like the white pine, 
take refuge on rocky dolomite lodges of the river bluffs, the soils 
of such places not being favorable for its growth. In the single 
place where it is still holding out, the soil is too sandy for other 
native trees to compete with it successfully and moreover fires 
from the southwest axe effectively blocked by high sandstone 
edges and probably also by the late lying snows of spring on the 
uppw, more abrupt portions <rf tiie north-facing hilL 
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SOME FACTORS AFFECTING INULASE FORMATION 
IN ASPERGILLUS NIGER 

V. H. YOUNG 
State University of Iowa, Iowa City, Iowa 

D. EXPERIMENTAL RESULTS 

a. Preliminari/ i xperimenU 

The results of numerous preliminary experiments clearly indi- 
cato that Asperffillus niger prows well on the culture medium 
above mentioned in which the ordinary carbohydrates arc used 
as the source of carbon. Cultures grown on inulin apjicared to 
be slightly stimulated during the first twenty-four hours of 
growth and came to full sporulation a few hours before cultures 
grown on glucose, sucrose or maltose. The dry wdght of the 
jnycelium formed at the beginning of ^rulation of cultures 
grown on inulin was generally slightly less than that of cultures 
grown on equal concentrations of the sugars Tuontioned. Growth 
on soluble starch was rather slow and tlic amount of growth 
somewhat less than on any of the other carl)o}iydrates, except 
lactose, which, as Dox (1910) and others have already shown, 
produces almost no growth unless the fungus is at first started 
on other media and then transferred to lactose. Tests with 
Fehling's solution of culture media containing inulin as a source 
of carbon showed strong reducing powet after the fungus had 
grown for a dny. Whether or not reducing; sugars are present 
at the befiinning of sporulation appears to depend on the pri- 
marv' concentration of inuhn. Vp to the point where the amount 
of inulin pre.sent vva.s clearly in excess of what could be rapidly 
assimilated by the fungus, the dry weight of fungus produced 
was nearly proportional to the amount of inulin present. 

The results of preliminary experiments both with fresh mycelial 
extracts and with the extracts of the mycelium treated as de- 
scribed above show an abundant hydrolysis when these solutions 

114 
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ave add«d to a solution of inulin. The primary aim in these 
preliminary experiments was to ascertain whether or not there 
was a definite stage in the life-history of the organism, at which 
the greatest amount of enzyme was present in the mycelium. 

For reasons to hp discussed later, it seemed undesirable to attempt 
to eoiisider any enzymes whicii the culture medium might eon- 
tain thus making it especially desirable to have a definite cri- 
terion for deciding when the mycelium .siiould be treated. As 
has been pdnted out above, practically all investigators have 
found that the mycelium contains the greatest amount of en- 
symes at the Iwgmning of the sporulation period. 

The purpose of the &st experiment was to determine if possible 
whether the greatest amount of inuhise in the mycelium of .4s- 
pergiUv,s rnqcr was at the beginning of the period of sporulation 
or at some other period. Sixty-five cultures each containing 25 
cc. of culture medium and 1% of inulin were inoculated and incu- 
bated at 30'*C. At the end of each of the foUowmg periods, thir< 
teen cultures were rfmoved and treated: vis., thirty-two hours, 
forty«eight hours, seventy-four hours, ninety-^ix hours, one 
hundred and twenty hours. 200 cc. of water were added to each 
gram of the treated myeelium and 50 cc. of the solution of en- 
zymes thus obtained used with each unit of the experiments. As 
mentioned each unit <>f an experiment eonsiateti of 250 cc. of 
solution containing a definite amount of fungal extract and 1 
gram of inulin. Digestion was continued at 40°C. for four hours. 
The data tabulated below show that the greatest hydrolysis of 
inulin wss brought about by extracts from the forty-eight hour 
cultures, at the end of which time sporulation had just begun. 
Fungal extract from the thirty-two hour cultures was somewhat 
less aetivp than that from the forty-eight hour rultures. After 
the begiiuiing of «porulation tlie amount of enzyme present in 
the myceliuHi fell off rapidly until at the end of a one-hundred and 
twenty hours the amount of enzymatic activity was almost nil. 
It thus appears that, when sporulation begins, there occurs a 
distinct falling off in the inulase content of the mycelium. The 
following table summarises the results of the experiment and 
shows that the greatest amount of enzymatic activity per unit of 
treated mycelium was at the beginning of the sporulation period. 
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. h, BffeU v€ffiou» emhohydraltea a» the «ofe towrcB o/ cathan on 

invJiiaM fcrmaiion 

As seen from the review of the litwature numerous workers 
have tested the effects of various carbohydrates on the foniiati<ni 

of carbohydrate-splitting enzymes. But few workers have 
studiod inulase from this point of view. The results of Dox 
(1910) and Bosclli (1911) in tlinir stu'lios of inulase are so dia- 
metrically opposed that it seemed desirable to perform experi- 
ments along a similar line. The first experiment performed was a 
test of the effects of inuUn, soluble starch, and sucrose on the pro- 
duction of inulase in Avj^rgHflut nigtr, wb«i present in the culture 
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* \]\ (lata in this and succeeding tables Mpteseot the anunint of hydroljrms 

iesn hydrulysie of controls. 



medium to the extent of 1%. The fungal extract was pre- 
pared hy oxtractiriK the prepared mycelium with 400 cc. of water 
per gram of dehydrated mycelium. Equal amounts of the fun- 
gal extract and of a 2% inulin solution were mixed giving a 
solution containing 1% of inulin. This e.\periment was run for 
twenty-four hours. 

The results of this experiment show very dearly that, in the 
presence of inulin, AapergiUtu produces a greater amount of 
inulase than in the presence of equal amounts of sucrose or soluble 
starch. From later experinifTit- it will appear that the amount 
of hydroly.sis brought about by tlie fungai extracts of inulin and 
starch cultures is rather low, and since these cultures ran some 
ten hours b<!yond the time of full sporulatiou, it is believed 
that some of the enzyme may have already be^ lost. The 
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question hs to whether or not Btareh is more eiUcieiit than 8U- 
eioee in stimulating the prodttctionof inulaaecanbeat be diaouased 
in eonneetion with data to be presented later. The numerical 
data of this experiment are presented in tabular form below, 

TABIXt 
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The above experiment deals with substances, all of which re- 



quire hydrolysis before the fimgus is able to utilize them. Tn 
order to check up the results already obtained and at the .^ame 
time compare the effects of substances which require enisyme ac- 
tion with a substance which may be used directly as a source of 
carbon on inulase formation, the above expaim«it was repeated 
and dextrose was used in addition to the carbohydrates already 
em|do3red. As above described the source of carbon was added 
to the culture medium in the proportion of 1%. Fourteen cul- 
tures for each of the carbohydrates named were run until the 
beginnii^g of the sporulation period. The results of these ex- 
periments are tabulated as folknvs: 

TAriI,E i 

Sltou-iii{f the effect of different murccs of carbon tn I'- 'c concentration on inulase 
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The results of this experiment show, as does the previous one, 
that inulin. is much more efficient m stimulating inulase forma- 
tion than any of the other substances used. "-Soluble starch 
stands next in order of ctficiency, being approximately 05% as 
efficient as is inulin. Sucrose is much less efficient than starch, 
while glucose is the least efficient of the four substances tested. 

The two experimoits just described give tok»rably conohiedve 
results regarding the effects of the carbohydrates used on inulase 
secretion, but in order to dkeck these results stifl fmther the 
experiment was repeated in all of its essential details, with cer- 
tain minor variations in the methods employed. While all or- 
dinary precautions were observed to pre\ eiit bacterial action in 
experiments on the hydrolysis of inulin by inulase, it seemed 
probable that in the course of a day or more, even though tolu- 
eue was used, some bacterial action on the inulin might have 
taken place. For this reason a third experim^t along this line 
was run for a period of only four hours. With the precautions 
taken with regard to the sterilization of all glassware, water, 
etc. it seems highly improbable that even the slightest amount 
of hydrolysis could have been brought about by bacteria. 

As a further check on the accuracy of the al)o\ experiment, 
the sugar analyses were made by Fehling's gravimetric method 
rather than by the volumetric method previously employed. 
Since the period of hydrolysis oi the zymolyte was rath» short, 
the percentage of hydrolysis was naturally much smaller than 
before, but this should not alter the comparati\ e relations of the 
experiment. Besides being grown on inulin, soluble starch, su- 
crose and plueoso, Aspergillus was also grown on maltose and as in 
the previous ( xj)erimcnt8 these substances were employed in the 
concentration of 19^- 

The results of the experiment described in the last paragraph 
above are strikingly in accord with the results tabulated in 
table 3. Cultures on inulin show a much greater amount of 
inulase than do any of the other cultures. As in the previous 
case starch storxl m xt in efficiency, sucrose and maltose were 
next in order, wliilc ^jlufo*!e was far less efficient than any of the 
other carbohydrates employed, as shown before. The numerical 
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results of this experiment are tabulated below. Twenty cul- 
tiires for each source of carbon wen used. 

c. EffeU of varying amounts of inulin, as the «o2e souree nf earhon 

on inulate formation 

It appears from the above described series of experiments that 

of the substances employed as a source of carbon inulin is the 

most efToctive in stimulating iiiu!:i-^i' formation. The qupstion 
naturally arisof; as 'to whother or not this is an effect which is 
proportional to the mass of the inulin present or whether it is 

TABLE 4 
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an effect, which depends upon the contact of the dissolved inu- 
lin particles with the organism regardless of their concentration. 
The first experiment to answer this question consisted in growing 
AspergiBus on media containing as a source of carbon 0.1%, 
0.2%, and 0.4% of inulin respectivdy. The small amount of 
growth upon all of the cultures and the rapidity with which the 
carbohydrate disappears indicates that the small amount of 
inulin presfnit soon becomes the limiting factor in the growth of 
the fungus. The dry weight of mycelium produced closely 
parallels the amount of inulin present. From the results ob- 
tained it appears that the stimulus for inulase fonnation is not 
at all in proportion to the mass of inulin presNit. The amount 
of hsrdrolysis brought about by a definite weii^t of prepared 
mycelium from the two sets of cultures containing 0.1% and 
0.2% is almost the same. The amount of hydrolysis caused by 
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the preparation from the 0.4% cultuiee although somewhat 
more than this is not proportionately so. The numerical data 
for this experiment are presented below. The period of diges- 
tion was three hours. 

It »eenied desirable to repeat the aliove experiment using 
greater coneeiitrations of iiiuiin and tiius to provide greater 
actual diffookces in the amount of inuiin present per unit of 
culture medium. The iast experiment was, therefore, repeated 
using cultures containing 1%, 1.5% and 2% of inulin as the sole 
source of carbon. The two higher concentrations apparmtly 

TABIB • 
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14.21 




14.34 




16.34 



provide more carbohydrate than can be used in the ordinary life 
^de of Atpergittua under the conditions of the experunent, since 
Isi^ amounts of carbohydrate remain unused when the sporula- 
tion period begins. The results of this experiment are sur|ffb- 

ingly uniform. The amormt of inulin hydrolysis for equal 
amounts of treated mycelium does not vary beyond the limits of 
experunental orror. 

Apparently in neither of these last described experiments is 
the lowest concentration of inulin eapaUe of stimulating inulaae 
fonnation reached although a decrease in formation b^pns to be 
apparnit when only 0.2% of inulin is present in the culture 
medium. Conversely, no increase in inulase production for the 
higher concentrations of inulin was observ'ed. Tn connection 
with sotiio later results, further light on the lower limits oi stimu- 
lation will appear. 
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Eff0d (4 tnuttrt on fomaHion in tte preaenoe ef glueote 

It seems clear from the above mentioned experimental data 
that inulin is the most efficient substance used as a source of 
carbon in stimnlating iniilase fomiation and also that ^ueose 

is the least efficient of the substances used as a source of carbon 
in stimulating inulaee formation. It further appears very prob- 
able that glucose is absorbed and assimilated by the fungus 
without the inter\'ention of enzymatic action. If this be true, 
glucose should thpu be much more readily aasimilated than inulin 
and providing (.hut it be present in sufficient quantities to serve 

TABIXS 

Shewing th» •^tei 9f Pwriout eonceniratiom of inulin at I4« eeis eouree Mftofi 
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27.39 
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as a source of carbon for the fungus, one would expect at least 
on a pnori grounds, that glucose would tend to counteract the 
stimulatory effects of inulin. As will be seen fsom the literature 
already reviewed certain investigators have obtained similar 
results with certain f»ther enzymes. 

In order to test this last hypothesis, the following series of 
cultures were set up and inoculated with spores of Aspergillus 
niger: viz., series A containing 1% of glucose as the sole source 
of carbon ; series B containing inulin with a carbon content equiv- 
alent to that of the glucose of series A ; and series C having 0.5% 
of glucose plus inulin which had a carbon content equivalent to 
0.5% of glucose. Thus all the cultures contained an equal num- 
ber of carbon atom.s per unit voUime. It was found that the two 
sets of cultures containing inulin are appreciably btimulated at 
the begimiing of the growth period and further that they come 
to sporulation some 24 hours before tlie cultures containing only 
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l^uoose sporulate. The dry weight of fungus produced, however, 
is greatest in series .1. The dry weight of the cultures of series 
B is least while the dry weight of series C is intermediate between 
the other two. Tests of the hydrolytic power of the enzyme 
produced by the fungus in each of the three series of cultures 
reveal no difference whatever between the activity of the enzyme 
from aeries B and C, both of which contained inufin, while the 
amount of hydrolyais from the ensyme of series A is on]y a little 
more than one-fourtb as great as that caused by the enz3ane from 
series A and B. The results of this experiment show in a very 
striking manner that glucose has little influence on inulase forma- 
tion in the concentration used, when iimlin ii* present in equal 
concentration of carbon atoms. Further, the results for cultures 
containing only inulin or glucose parallel very closely the results 
tabulated in tables 2, 3 and 4. The following table shows that 
glucose is without effect on inulase formation in the presence of 
inulin in the amounts used. 



TABLBT 
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A second ex])eriinent of the same nature as the above cf)rrob- 
orates the results of this experiment and also throws light on 
the lower limits of effideney of inulin as a stimulus to inulase 
formation. The essential details of this experiment are described 
below. 

Cultures were set up as in the previous experiment, according 

to the equivalent carbon concentration in the following series: 
viz., series .1 containing 2% of glucose alone: series ^ containing 
1.99c glucose and inulin, equivalent in carlion content to 0.1% 
of glucose; series C contauiing 1% of glucose and inulin cqun a- 
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l«it in carbon content to 1% of glucose; series D containing 0. 1% 
of giuooee and inulin equivalent in carbon content to 1.9% of 
glucose; and series E containing inulin only, equal in c aibnn con- 
tent to 2% of glucose. The results of this experiment i)arallel 
very closely the refnilts set forth in table 7. If inulin ia })resent 
in concentrations of about 1% or more, very little decreaise in 
inulase formation is observable due to the presence of glucoae. 
The stigbt decrease in the results from sories E to series C may be 
due to a decrease in the amount of inulin present. Howevw, 
the results of series A voA B show that 0.1% of inulin is bdow 
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the limit of efficiency of inulin as a stimulus to inulase produc- 
tion and that somewhere between 0.1% and 1% one would ex- 
pect to find a point where the .stimulatory effect of inulin first 
becomes apparent. The numerical data for the last experiment 
are presented above. The time of digestion was four hours.' 

E. DISCUSSION AND THEORETIGAL CONSIDERATIONS 

As stated above, the purpose of this investigaticHi has been to 
demonstrate in a quantitative as well as a qualitative way the 
formation of an ensyme in a living organism. The choice of inu- 

lase, as to the enzyme to be studied, presented both ad\'antages 
and disadvantai^. Inulin itself has been little studied and its 

' The concentration of all the fungal extracts used in thie experiment WM eon- 

eiderably greater than that used in previous exix^riments^ irtlieb neeoiint* for 
the relatively great amount of hydrolysis in (our boura. 

imm wtiun wraut tok. 11, no. • 
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efaeniiGal fonnula, although better establiahed than that of 
starch, has not been placed on a firm basis. Neither have the 
analytical methods for the determination of inulin or of fructose 
in the presencp of inulin boen placed on an entirely satisfactory 
basis. However, analytical methods have proved to be suf- 
ficiently accurate to allow comparative studies, which have given 
reasonably uniform results. Inulin is much more soluble than 
starch and can be employed in fairly concentrated solutions with 
the assurance that solutions are of uniform Btrmgth. Again* the 
amilarity between the structure of inulin and that of starch 
makes a comparison of their corres])onding enzymes of real 
value. In afldition to these eonsiderations, inulase has been 
Uttle studied from the point of view of iti? re^rulatory secretion, 
and the existing data of this nature seem highly contradictory 
in character. 

Dox (1910) and BoseDi (1911) have arrived at very different 
conclusions in regard to the quantitative regulation of inulase 
by fungi, as noted in the review of the literature; and in select- 
ing the method of attacking the problem it seems best, there- 
fore, to compare their methods and results with a view tn deter- 
mining whose results are more likely to he corrert Tfio main 
factors in experiments of this nature are the metlioii- <A i^i <r,ving 
the fungus and the methods of securing and empiuymg the 
enzymes produced. There appears to be no essential difference 
in tiie methods of g;nywing the fungus, but in tiie methods of us- 
ing the msyme produced, one finds that there is much difference. 
Dox has onployed the mycelium only, treating it at the begin- 
ning of the sporulating period according to tlie well known 
"acetone daurhefc" method. Boselli, on the other hand, has 
attempted to study the combined activities of the enzymes of 
the culture medium and the enzymes as extracted directly from the 
mycehum. Theoretically this appears to be the ideal method 
of experimentation, accounting as it does for all of. the ensyme 
that has been produced and also employing the ensyme dhrectly 
without precipitation, which has been repeatedly shown to lower 
the activity of the enzyme. Practically, however, this latter 
method does not lend itself to quantitative methods of study. 
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since too many uncontrolled factofs are introduced. It is very 
difficult to estimate the amount of mycelium used in experiments, 
if the fresh mycelium is used directly, but, if it is dehydrated by 

means of such substances as alcohol, acetone, or ether, the dry 
weight of the fungus is a fairly Qcrnrate index of the actual com- 
parativo numbor of coHs present in flifferont amounts of mycelium. 
Thi» allows a comparative study of ditTorent cultures. The use 
of ether, acetone, etc., in this uicthoU removes many substances 
such as certain lipoids, etc., which would be present as foreign 
substances in a fresh mycelial «ctract. There are many other 
advanta^, which make this method mme convenient to use, 
but which need not be discussed here. With regard to the use 
of enzymes, which have been excreted into the culture medium, 
it .seems apparent that it is impossible to control the nature of 
the substances with which the enzyme is in contact and, for this 
reason it is impossible to compare the activity of various enzyme 
solutions under such conditions. Furthermore, if only the origin 
nal salts and carbohydrates of the culture medium were present 
in their original concentrations, which is manifestly not the 
case, it would be very difficult to compare the activity of enzymes 
acting under such conditions with the acti\ ity of enzymes de- 
rived directly from the mycelium. It, therefore, seemed more 
desirable to en>plf)y methods similar to those of Dox rather than 
those of Hoselli, wlio.se results are quite at variance with those 
usually obtained in experiments of this nature. For similar 
reasons, no attempt was made to estimate the amount of ensyme 
produced based <m the rate of disappearance of the carbohydrate 
from the culture medium, as has been done by certain othof 
investigators. 

It has her n shown from the work of previous investigators that 
in general the period of greatest enzyme content in the fungi is 
just at the beginning of sporulation, and these experiments show 
that this is also true with regard to the inulase content of ^4«per- 
ffiUtu wiger. For this reason the mzyme preparations used 
have beat prepared from the mycelium at this stage of its life 
cycle. 
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As has been already suggested, studies of enzyme regulatioo 
are grouped around the idea of either a qualitative or a quanti- 
tative regulation. Early investigators who worked in this field 
were prone to look for cjualitativc enzyme regulation m the fungi. 
The great oaf p. with which various forms like Penicillium and 
Aspergillns have been found to adapt themselves to growth on 
almost any organic substance, suggests that these fungi must be 
able to produce enzymes acting on any of these substances as 
oeeaaum eima. It is not surpnang then that, with the more or 
less imperfect methods at hand and with the use of such obscure 
forms as **PetticittMm ^aucum" which has served as a vehicle 
for so many of these studies, many investigators bdieved that 
they had found cases of (qualitative enzyme regulation. Many of 
these results appear to be due to tin* etnploynient of chemical 
methods, which were not accurate eiiougli to detect enzymatic 
action in slight amounts, while other results are clearly invali- 
dated by the use of mixed cultures of unidentified or obscure of* 
ganisms. Even so rec^t an investigator as Kylin (1914) em- 
ploys "PemeHUum glaueum" in certain experiments. It is now 
well known that Pmicillnim glauciim is no more distinctive as a 
fungus than "green mould" and as Dox has 5!Uf?gested, the \ ani- 
ons forms of Penicillium formerly grouped under this name are 
so varied in tlieir jihyfiological reactions as to invalidate any 
comparisons, based on species of Penicilltum which were not 
more definitely identified. 

Recent studies of qualitative ensyme rei^lation fail to reveal 
more than one wdl authoitiGated case of qualitative ensyme regu- 
'lation. As has been suggested above, the work of Knudson 
(1913) seems to leave little doubt that there exists a qualitative 
regulation of tannase formation. It appears to be quite gener- 
ally the impression of those authors, who have reviewed Knud- 
son's work, that it was carefully done and that his results are 
entirely dependable. 

The results of the expOTments above described show very 
clearly that there is no qualitative relation of inulase format 
tion in Aspergillus niger. Inulase is always produced in suffi- 
cient quantities to be easily demonstrable. It should be said. 



Digitized by Google 



INULA&E FORMATION IN ASPERGILLUS 



127 



however, that the conditions under which the fungas was grown 
were extmnely limited, smce only the common carbohyd»tee 
were used as a source of carbon. It is not at all improbable that 

the use of proteins, organic acids, alcohols, etc., as the source of 
fiirbon might pivo entirely flifTercnt results and. a1 least, it is to 
1)0 expected that some of these substances would hv lests efficient 
in stinmlating iuulane formation than were any of tlie substances 
employed in this work. The results of Went (1901) in his studies 
of inveriam and of i^lin with maUate, etc., render it highly im- 
probable, that any qualitative regulation of inulaae foimatiaii 
could be found. These investigators employ a great variety of 
substances including peptone, organic acids and polyhydric al< 
cohols as the source of carbon and find that the ensymes men- 
tioned are secreted under all conditions. 

The quantitative regulation of enzymes has been long known 
and is a firmly established fact so far as the fungi are concerned. 
It seems to l>e quite generally the case that the amount of any 
ensj^e produced may vary widely aoeording to the environ- 
ment <rf the fungus. Certain investigators have found that en- 
syme formation can be greatly inhibited by growing the fun- 
gus at low temperatures, Kostyschew (1907) and others have 
shown that appreciable amounts of a zymase-Uke enzyme are 
produced by certain fungi and the work of Junitzky (1907) 
shows that in this case there is an increased enzyme production 
due to lack of oxygen, since his results show that tiiese fungi 
produce this same enzyme in small amounts uader ordinary 
conditions. 

It has been shown by several investigators that the effect of 

certain inorganic salts is to increa.se or dccroaso ens^yme produc- 
tion. As mentioned before Herissey n^'JU) hnds that the pres- 
ence of large amounts of ammonium nitrate in the culture 
medium entirely inhibits the formation of emulsin in certain 
fungi. In the light of the more recent work on enzyme regula* 
tion, it seems more than likely that emulsin formation is not 
entirely suppressed in this ca.se. It seems possible from the 
results of several French investigators, that the stimulating ef- 
fects of such a substance ss zinie, may perhaps be related to its 
effect on enzyme production. 
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Orgimic food material is the most commonly recognised factor 

in the stimulation of enzyme production. The jiumerous resolts 

which all show that vfirioiis orpjanir sources of nitrogen and 
partinilarly of carbon vary greatly in their power of -timnlating 
enzyme production have already been reviewed. It is commonly 
recognized that the carbohydrate or other substance correspond- 
ing to a particular easyme cMiees that eniQmie to be produced in 
much larger quantities than do other substances. However, not 
flU investigators have found such a stimulatory relation exist- 
ing between the substance and its corresponding enzj'me. Kats 
(1898) finds that starch alone is not so effective in stimulating 
diastase production as when other sulistances more readily as- 
siiniiated are present in addition to it. Hoselli (1911> finds tliat 
all of the substances, which he employetl as the source of carbon, 
are equally efficient in stimulating inulase production. His re- 
suits are strikingly at variance with the results of Dox and with 
those described in this work. While in no case has there been 
shown such a striking response to the stimulatory effects of inu- 
lin as there was in the experiments of Dox, still without any ex- 
ception inulin is found to be much more efficient than any of the 
other substances used. As lias becMi sugge*sted before, the meth- 
ods empkiyed by Boselh (1911) are open to serious criticisms and 
his results, for this reason, do not appear to be reliable. 

Not only do many organic foods have the power of causing an 
increase in the amount of their corresponding enzymes over and 
above what is produced under other conditions of nutrition, but 
to a cerain extent, at least, the amount of enzyme produced ap- 
pears to depend on the amount of the zymolytc present. .\s 
stated beft)re. Went (1W1) t'otuid that within certain limits 
many substances cause an ineiease ia tl»e herniation of their cor- 
responding enzymes when they themselves are increased. This 
increase is not proportional to the amount of increase of the zymo- 
lyte but is considerably less. Knudson (1913) has also shown in 
connection with his studies of tannase that increased amounts of 
tannic acid stimulate the .secretion of increa.sed amounts of tan- 
nase The result> obtained in the experiments heroin de- 
scribed indicate that a similar result may be brought about with 
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relation to inulase. Within very restricted limits an increase in 
the amount of inulin present causes an increase in the amount of 
inulasp formed. Thus, as is shown in table 5, 0.1% and 0.2% 
of inulin in the cuhure metiium results in equal inulase produc- 
tion, but an increaiie to 0.4% of inulin results iii a slight increase 
in inulase production, which is by no means double the produc- 
tion in the first two cases. Again in table 8 it will be seen that 
0.1% inulin in the presence uS 1.9% glucose has no efiteet b^ond 
tibe enityme production with f^ucose alone. Evidoitly, under 
the conditions of these two experiments, 0.2% of inulin is below 
tho minimum for the stimulatory effect of this substance, while 
0.4% is somewhat ab<>\ o it. The results shown in table 6 reveal 
the fact that, between the effects of 1%, 1.5%, and 2% solu- 
tions of inulin, there is no significant difference so far as the 
stimulation of inulase production goes. These concentrations 
are evidently all above the maximum strength which will cause 
increase in inulase production. The maximum and minimum 
points for the stimulation of inulase production by inulin seem 
to lie between 0.4% and 1%. It must be said, however, that it 
would be very desirable to have a much gre:it<»r amount of data 
on this point than is presented in this work. I'hat such an 
increase of inulatie production exists and that it hes witiiin rather 
narrow limits is undoubtedly the fact, but more data are needed 
to establish these points more definitdy. 

Many investigators believe ensjrme production to be a " hunger 
phenomenon," while others have found that ensjrmes are pro- 
duced more abundantly under more favmable conditions of nu^ 
trition. On theoretical proimds, one niijjht expect the former 
to be true. Evidently, however, one must discriminate between 
at leaiit two phases of "liunger." If an organism is in the pres- 
ence of only a limited amount of food material, its growth will 
be limited by the amount of food preset. Some investigators 
have found that under such conditions the fungus will increase 
its production of en z ymes. Herissey (1899) and Brunstein (1901) 
find that the production of emulsLn appears to be a starvation 
phenonieTiMfi. The former has found that mycelium, which con- 
tains no emulsin, can be made to produce it when starved on 
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pure water. In view of the fact that the presence of the xymolyte 
has been shown to result in an increased ouyme production^ it. 
seems probable that enzyme production is a direct result of 

chemical stimuli and it is cliflReult to inulerstaiKi how the ab- 
sence of stimulatory agents can have the same effect as their 

prci^ence. 

Other investigator>s have apparently considered the presence of 
mtbetancea, which are acted upon by digestive enzymes only with 
difficulty^ as being a starvaHon pheru»n$rum. Thus the increased 
production of diastase under conditions, when only starch is 

present as the sowce of carbon has been considered hy such in- 
vestigators as a hunger phenomenon, since they also find that 
diastase production is more or less inhibited if such substances as 
sucrose or p;hie(ise l)e jiresont in addition to starch. Clearly this 
condition i« very dilTerent from the condition of starvation first 
mentioned: i.e., the entire absence of food substances. It is en- 
tirely unnecessary to consider ensyme formation in this second 
isase as a hunger phenom^on since evidently the contact of the 
Tymolyte with the organism is the stimulatory agent which af- 
fects enzyme production. 

The results of the present study on the repulatory formation of 
inulase would indicate that stimulation to increased profluetion 
de])( nds upon a direct chemical stimulus due to substances present 
in the culture medium. Inulin is the most efficient of the sub- 
Stances used in stimulating inulase production. An increase in 
the amount of inulin present causes an increase of inulase pro* 
duetion rather than a decrea.se, and very small amounts of inu- 
lin are unable to increase inulase production. The results also 
sh(tw that the stimulntnry effects of inulin are in(h'pendent of 
the jiresence of glucdse, w hicli supposedly is a more easily assimi- 
lated substance than inulin. The results shown in tables 7 and 
8 indicate that, if inulin is present in sufficient amounts to stimu- 
late inulase production, the presence of glucose in equal amounts 
has no influence on inulase production. If the stimulatory ef- 
fect of inulin is due to sonic relation of the dissolved particles to 
the plasma membrane of the organism or to some similar stimu- 
lation, then glucose would not be expected to have an inhibitory 
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effBCt unless we conceive of some "antagonistic" relation between 
the particles of thn two substances, fnr \\hich antagonism there 
is at present no e\'i(l('nce. Evident!} in tho case of inulase, at 
least, under the conditions of these cxporiinentsj, the production 
of the enzynie is not a starvation phenomenon, but (juitc the 
reverse and further, its production appears to be quite independ- 
ent of the presence of glucose which, althous^ causing an in- 
creased growth of the fui^gus, does not affect the amount of 
inulase produced. 

Previous investigators do not appear to have considered, to 
any extent, the fact that closely related substances are more ef- 
fective in stimulating the enzymes corresponding to the related 
substances than are less closely related substances. Kuudhon 
(1913) has shown that gallic acid in addition to tannic acid is 
able to stimulate tannase production. The results here pre- 
sented indicate that soluble starch is much more effective in 
stimulating inulase production than glucose. It seems probable, 
that the preliminary steps in enzyme production may be more or 
less common for a nninlxT of enzymes and that the changes 
vvJiich finally produce enzymes, affecting closely related sub- 
stances, may be sufficiently alike to be affected to some extent 
by closely related substances in the substratum. The results 
obtained by Pottevin (1903) on the dBtect of the space relations 
of various carbohydrates on the ensymes produced by f un^i sug- 
gests that a study of the effects of fructose and its derivatives 
and of other hexose sugars mi^t be of interest in relation to 
inulase production. 

P. SUMMARY OP RESULTS 

!. T'ndcr all conditions studied inulase is produced by Asper- 
gillus )ii(jtr in appreciable quantities. 

2. Inulase is present in the fungus mycelium in greatest 
amounts at the period of sporuU^ton d the fungus and rapidly 
disappears after that time. 

3. Inuls^ is produced in greater amounts by the fungus, when 
inulin b present in the culture medium, but is also formed when 
other carbohydrates are used as the sole source of carbon. 
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4. After inulin, soluble starch is the most efficient of the sub- 
staaoes used, in the stimulation of inulaae formation, while glu- 
cose is least officiont. 

5. Suhstaricos which aro more nearly rehitod in their chemical 
structure appear to be more etficient in stimulating enzyme forma- 
tion than are substances not closely related. 

6. The inoduction of inukun may be mereaeed or decrMsed 
wiUiin certain limits by changing the amount of inulin in the cul- 
ture medium, but this effect is by no means proportional to the 
increase or decrease in the amount of inulin. 

7. Glucose in the presence of inulin appears to be without 
effect on inulase production. 

8. The production of inula^^e does not appear to be in any 
way a starvation phenomenon. 
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BOOKS AND CURRENT LITERATURE 

FnnKSTHY OF THK NoKTHHASTKHV STATES. — The authors of Fomj- 
liy it) New England" (J()\u\ Wiley c^- Sons: 1912) have brought out a 
revised edition' of thai portion of their earUer work that surveys the 
field of forestry and sets forth the fundamental prmciples on which 
rest the practice of forestry as an art. This work forms the first volume 
of a manual the second volume of which will deal witli New England 
forests and their management, but it is unlikely that that volume will 
appear until the conclusion of the war. 

From long practical experience b<^ In teaching and in state forestiy 
work, the authors are well fitted for their task. For use in eoUeflies and 
by the general reader Forestry in New England has held a well merited 
place in Anjerican fotvft literature. In its iitnv rln-ss tlu- matter pre- 
sented can be put to still more extended use, for its clear ntatement of 
principles, in convenient and compact form, entitles this book to a much 
wider field than the portions of New York, New Jersey, Pennsylvania 
and Southeastern Canada, where the forest conditions approximate 
thoxe of Now England. Especially will flii!> xoluiiic be of value in the 
agricultural colleges and other schools that witliout attempting to give 
professional training, yet offer general instruction in forestry. 

In the main the present volume covers the topics treated in Fart I 
of the first edition. But the arrang(>ment has been improved and given 
more logical sequence. One noialile feature, for which the authors are 
to be commended, if* that tluy have consistently followed throughout 
the revised terminology- proposed by a Committee of the Society of 
American Foresters in 1916.* 

The introductory chapter discusaee briefly the basic principles under- 
lying silvics of forest ecology. This IB followed by a statement of the 
silvicultural characteristics of some 24 New £ngland trees, consider- 

» Hairley, Ralph C, and Ilawes, Austin, F. Manual of Forestry for the 
Northeastern United States. Pp. xii + 281, iUuatratcd. New York, Joha Wiley 

and Sons ($2.00). 

» "Forest Terminology," Journal of Forestry— Vol. XV, No. 1, pp. 69-101. 
Wiusliington, D. C, January, 1917. See also Vol. XVl^Xo. 1, pp. 1^75. January, 

1918. 
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ably augmented over the first edition by data taken ironi recent Poi^t 
S^-vice bulletins, state reports and other sources. Then come descrip- 
tions of the silvicultural methods of reproducing forests, forest planting 
and seeding and intermediate cuttings. In the discussion of injuries 
to the forest from animals, insect*, funpi and forest fires not uniuttur- 
ally somewhat more full notice is given to the white pine blister rust 
and to the diestnut bark diaeaBe. Two forest insects not mentioned 
in the first edition are briefly described — the European pine-ehoot m<^h 
(Evetria buotiona) and the pine sawfly {Diprion simile). The thrw 
final ehftptons are on timber estimating; nnd marketing, titiliznfion of 
fort'st prmlucts and growth of trees and forests. In the rearrangement 
the chapter on growth might well have preceded that on estimating. 
That on utilisation is all new matter and rounds out the vohime in a 
desirable way, espedaUy where it is to be used as a text book. 

Another in!prn\'«^ment in the new edition if; the inclusion in the 
appendix of a xnueh larger number of tables than appeared originally; 
80 as against 56. It Ls no small convenience to foresters to have such 
data assembled in one pkee, the more so as some of the tables here 
reprinted are not otherwise readily accessible. The tables inchide 
log rules, volume tables, prowth figures for individual trees, and yield 
tables. Tlie authors state their aim to he "to ^;ather together all the 
reliable tables at present available, which contam figures showing vol- 
ume and growth for the important commercial trees and types," but 
as they point out "the field is very incompletely covered and indeed 
for many species data are entirely lacking;" — an interesting commen- 
tary that forestry in this country is still a young profession. Nine of 
the tables are original with the authors, m against two in the first 
editioui but of these all have previously appeared in reports or bulle- 
tms israed either in Comieeticut or Vermont. 

The manual is illustrated with the plates and diagrams used in the 
first edition. Spceial mention may he made of thr Hiagrams, in that 
they clearly bring out the esssential diiferenees between the several 
silvicultural methods, a point that particularly needs to be emphasised 
silloe many persons appear to fed that fmestry praetioe consists solely 
in the leaving of a few seed trees and the fixing of a diameter limit. 
The make-up of the hook is what \v(> have eome to exp^'et in Wiley's 
forestry series, both pai«'r and |nes.s work Ijeiiig of a higii .'Standard. 
No noistake can be made in putting this volume on une's shelf of forestry 
books.— 'R. S. HosMUB. 
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The Aloal and Bacterul Flora of Japanese Water Ststeiis. — 

Hattori's recently published investigations' on the water systems of 
Japan," although written liir^^ly from the Btaiulpoini of the sanitary' 
engineer, really cDiistitutes a valuable contribution to ecology*. The 
writer liaii in view liie influence of rainfall, leiMi)€rature, soil and water 
content on the nature of the flora of filter beds, as well as on the cbai^ 
acter of the water. An introductoiy chapter briefly outlines the de> 
velopmcnt of the Japanese wat^r s-ystrms. 

The first watpr fsystorn of Japan was planned about 1590 for the city 
of Yedo, now i'okyo. Thia system was followed by aix others of wliich 
the Tamag^wa alone finally remained. This consisted of an open canal 
52 kilometers in Imgth, reaching from a dam in the TVuna River to the 
city of Yedo where it dischan?ed its flow without filtration into woo<len 
pipes. At present over 70 systems are in operation or building in Japan. 
Most of these utilize rivers as the source and make use of the sand 
filtration method. 

The efficiency of the sand filter is greatly increased by the slime 
covering of the sand bed which is fortned by a growth of bacteria, bhie> 
green algae, green algae and diatoms. Seasonal variations occur in 
the tiora of thin .sliint; coat. In Tokyo, Microneis and Navicula domin- 
ated the algal flora in June^ with Merimnopedia, Ceratoneis, FragUaria, 
Mdowra, ComaHwnt PtdicMnm and MmtgeoUa abundant. Spingyra 
was dominant in the Nagasaki filter in August, and Coelosphaerium 
in SeptoiT)l)or and October. In Kobe. Annhana, Conferva and Oedo- 
goniu77i (lominated in July, and Mrlosira in Augxist and September. 
In Yokohama, Melosira wan apparently uidepcndent of cliuiatie in- 
fluence, being presmt throughout the year, but other species of diatoms 
were seasonal. As a general thing diatoms were first and conjugates 
second in (ioininancc in the algal flora of the water systems investigated. 
Fungi sueli as Prnirillium, Aapergillm. M ucor and Vertidllium were 
also found, and numerous species of bacteria were identified. In general 
bacteria were more numerous in summer than in winter, but in some 
cases there was a tendency to increase in January and February at the 
time of greatest cold, due to pollution of water sources by dry earth 
particles rich in liacteria. Alf«o in March and April an increased 
bacterial count occurred in systems whose sources were subject to 
washings from melted snow. 

' Ilattori, li., Mikrobiologijicbe Untcrsuchungcn ubcr cinigejapanische Wasser- 
leitiingen. Jour. CoU. of Sci., Imperial Uniwrsity of Tokyo. Tot. 40, Art. 4. 
1917. 
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One of the niuch-dLscussed questions arising in the study of the 
filter bed flora is the physutlof^ical influpiu c f)f arvon aigae on the de- 
velopment of hnrterin. It hm been suggested that the oxygen liberated 
by them during photosynthesis may exercise a retarding efifect on bac- 
twiftl growth. Decrease in nutritive supply in water due to a]gal 
activity has also been advanced afe a retaiding influmce. Hattori 
states that in his investigations there were evident no such physiological 
connections between algal and bacterial flora. The absence of organic 
material in the filtered water appeared to be gm of the greatest factors 
eoncerned in lowering the bacterial count. 

Numerous tables are inetuded in the paper setting forth the dtemical 
reaction and constituents of the water supplied to twelve Japanese 
cities, the eflficiency of thrir water systems as shown by hactorial count 
of filtere<l and unfilt<«red water, the species of algae and bacteria found 
during different months of the years of investigation, together with 
weather conditions and other valuable data. There are also iUustrar 
tions of numerous species of algne and diatonu.— J. G. Brown. 



Digitized by Google 



NOTES AND COMMENT 



President Wilson has issued a proclamation establishing three new 
National i* oresti} in the eastern statesi as an outcome of the law passed 
in 1911 authoruiiiK the iicquiaituHk ci lan^ about the headwaters of 
the principal rivers of New Englaod and the southern Appalachian 
region. The White Mountain National Forest is located in Grafton, 
Carroll, and Coos counties, New Hampshire, and in Oxford County, 
Maine. The areas which have been purchased or approved for purchase 
aggregate 391,000 acres, lying at the headwaters of the Androscoggui, 
Saoo and Connecticut riven. The Shooandoah National Forest is 
situated in Rockingham, Augusta, Rath, and Highland cuuMtips, 
Virginia, and Pendleton County, West \'ir>2;iiiiu. In this tract H).3,000 
acres have been hrouKht iind'T federal protection, cJiii'Hy in the drain- 
age basin of the Shenandoah liiver. The Natural Bridge National 
Forest is situated in Roekinfl^m, Nelson, Amherst, Botetourt, and 
Bedford counties, Virginia, comprising 102.000 acres. Hiia forest pro^ 
tects a portion of the headwaters of the James River, but does not in- 
clude the Natural Bridge, which lies near its lioiindnrirs in Rock})iidgp 
County. These three National Forests aggregate a iitile more than 
1000 square miles, and ocM^tute a very substantial addiUon to the 
protected forest areas of the country. 

Throtiph an error in tho compilation of (he list of Doctorates in Bot- 
any, published in the March issue, Harvard University was credited 
with only the two degrees conferred at the mid-year commencement. 
At the elDse of the academic year the foUowing degrees were conferred, 
increasing the number frc»u two to nine. 

Ph.D. 

Frbderic Kin'g Buttrrs. Studies in the geographical relations of pUnta of 

the Selkirk Mountaina. 
Cari. Che8weu< Fobsaith. a report on some Alloctkonoin peat depoeito of 

Florida. 

AtaKRT RicHABD Caml Ham. StadiM of idant metAboliMB in rolaltoa to hydro- 

gen ion eonpentration. 
Cabi. Sherman Uoah. The anatomy and phyiogcntic position of the iietulaceae. 

138 
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Hakolo St. JottN. A report on a Botanical exploration of the aoutli shore of the 
Labrador Peniasula, Safcueoay County, Qtwbee, inetuding en annotated 

list of the species of vascular plants. 
Frank Jason Smiley. A report upon the boreal flora of the Sierra Nevada 
BifbtaitBini of CaUfoniin. 

S.D. 

GaoaoB Fonon Fuiman. The heredity of quantitntlTe eharecten in wheat. 

Haas and Hill have prepared a necond edition of their Introduction 

to the Chemistry of FUoit Products, fl^ngmans, $3.50) the first edi- 
tion of wliich appeared in 1913. The principal cliaiige that has been 
made is in the re-writing of the section on plant pigments. 
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A COLLOIDAL HYPOTHESIS OF PROTOPLASMIC 

PERMEABILITY 



E. E. FREE 
UmUd 8ittU» Army 

It is generaUy agreed that ptotoplaem is of ooUoidal nature 

and that the phenomena of permeability are connected with 
alterations of some kind in the colloidal state of the surface layer 
of the cell. During 1916 two investigators have published 
h^'potheses concerning the mechanism by which these changes are 
brouglit about. Spaeth^ assumes changes in the degree of dis- 
persion of the colloids of the surface fihn. Clowes' postulates 
phase invendoDs by whieh, for ]iiBtaiifle» an einulsoid oottsiBting 
of non^aqueous globules suspended in an aqueous medium, be^ 
comes one of the aqueous globules in a non-aqueous medium, the 
internal phase becoming the external and vice versa. I shall 
return later to the critical examination of these hypotheses. 
First, I shall outline a third hypothesis as to the mechanism of 
the changes, \\ hich hypothesis it is the purpose of this paper to 
present. This hypoth^is occurred independently to Prof. F. E. 
Lloyd and me in 1914. It has been noted briefly in a publication 
by lioyd.* 

Hie most important facts which must be explained by any 

theory of protoplasmic permeabiUty are those of change of 
permeability. Not only are there marked differences between 
different masses of protoplasm, but the same cell may change 
in permeability either in response to alteration of external con- 
ditions or a.s the result of internal changes which may be, and fre- 
qufflitly are, functional and nonnal. As examples of chanfos due 

* SeioDoe 4S: £02-^09 (1916). 

* Seieniie 4S: 7liO-7B7 (1916); Jour, of Physical Chemuitry 90: 407-450 (1916). 

* Kept. D^. Bot«iu««l B«0Mreh, CamegM Intt. at W««iu Ymr Book, 14: 68 

(1915). 
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to external agents one may leeall tiie experimeiLts of Ssttes* 
on the increases and deeieaaes of i)emiealii]ity caused, lespeo- 
tively, by hydrogen penndde and by aluminium salts, and the 
ivell known work of Osterhout* on the antagonistic effects of 

sodium and calcium snlts on the penetration of eiioli other into 
tissues of Laminaria. Instances of nomial functional changes of 
penneabilil}' arc the increased permeability of muscle cells dur- 
ing excitation* and of egg cells after fertilization. All of these 
changes, whether spontaneous or due to external agents, may be 
leversible and without apparent injury to the life processes of 
the cell. Other similar examples are noted in the recent summa^ 
ries of Ifohor' and Bayliss." A further case which is apparent^ 
an example of variable permeability is the fact that cells arc 
usually relatively impermeable to the salts, sugars and amino 
acids which form the Iniildinp; materials of protoplasm. It is 
reasonable to assume occasional changes of iiorincability such as 
would permit these substances to enter more readily. 

It is v&y probable that the protoplasmic colloids are of the 
emulsoid type, that is, that they ccmsist of two (or more) liquid 
phases. A number of simpler colloids of this type have two 
liquid phases which differ in composition only in the relative 
proportion of water and of the substance of the colloid.* Thus 
a gelatine sol is believed to consist of globules containing rela- 
tively more gelatine, suspended in a medium which contains 
relatively less gelatine. The medium may be thought of as 
a more dilute gelatine solution; the globules as a more eonoen- 
trated one. At greater total concentrations of gelatine this 
condition may be reversed, the more dilute solution becoming 

• Jahrb. wim. BoC. 81: 260 (191S>. 

»Srifnf.. 36: aSO-Sr,? '1012^, n<.t. C:iz. 69 : 242-2.'.l il915). 

• McCleadou, Anwr. Jour. Physiol. 29: 302^ (1912). 

' niyaiksltfteheCheniiederZelleuDd der CSewdbe, fourth editton, 1914, espe- 
cially chapifi-s S. 10 anil n 

• Principles of General Physiology, 191o, chapters 5, 12 and 18. 

*van Bemnelen, Zeit*. Anorg. Chem. IS: 14-^ (1S98), Hardy, Jour. Phyv. 
Chem. 4:254^273 (1900); Giirn lt, Phil. .Mag. (fi) 6 : 374-378 (1903); Freuiidlioh, 
Kapillarchemi«, 1909, pp. 395-398; Hatschck. Introduction to Physics and Chem. 
of CoHoidi, 1913. pp. 43. 46, 69; Scarpa, Koll. Zeiti. U:8-t0 (1914), Baylias, 
loe. cii., pp. 96-99L 
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the globule or internal phase; the more concentrated solution, 
the continuous or external phase. Such systems are stiff gels. 
In either case, whether the dilute phase act as medium or as 
globules, it IS obvious that the physical properties of the system 
wiU be altered markedly simply by the passage of water from one 
phase to the other. In othtt" words anytbing which changes the 
<lw<rtfrti(um of water between the phases will greatly affect the 
propertief? of the material. Tn sols and gels of gelatine and of hor 
simple eniulsoids this distribution of water is known to be affected 
by temperature, tlie i:)resence of salts and other dissolved sub- 
stances, and even by nieclianical stress. All of these things 
affect tiie viseosily and other physical properties of the ooUoidi 
sometimes in large degree. 

It seems not improbable that a similar state of aiTaus exists in 
protoplasm, that two (at least) <tf the iiquid phases of protoplasm 
differ importantly only in the proportions of water w^hich they 
contain, and that the distribution of the water between these two 
phases may alter without death of the protoplas-m. Such changes 
ill the distribution of the water would explain the known facts 
of penneability more simply than any hypothesis with which 
I am acquainted. But ability to explain the. facts is only part 
of the duty of an hypothesis. Tliis suggestioii is not intended 
as a "theory'' of penneability or as more than a provisional way 
of Anewing the facts ; a way which may prove to ccmtain a part 
of what is probably a ^•e^\' complex truth. 

The comparison of this hypothesis with the facts and with 
other hypotheses will be faciUtated by a picture of the conditions 
in a protoplasm having the structure which is postulated. ' Two 
phases are important; the liquid globules and the liquid medium 
in which they are suspended. Both are to be imagined as inti- 
mate mixtUTM, perhaps solutions, of some colloid-forming sub- 
stance \\ith water. Doubtless real protoplasm contains several 
other phases, solid nn<! liquid, and doubtless the mixtures which 
form the two phases miportant to this h^-pothesis are not really 
simple solutions of a simple substance. For purposes of explana- 
tion these compleadties may be disregarded. Gonndering the 
two phases mentioned, it is obvious that the globules of the inters 
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nal, discontinuous phase will be near together or far apart ac- 
cording to tlie relative Tohime of th« two pliases; that is, accord- 
ingiy to the aise and number of the globules i«Iative to the value 
of tiie medium in whioh they are suspended* But this latio 

of the volumes of the two phases depethds upon the distribution 
of the water between them. If water passes out of the globules 
into the medium there will be an increased volume of the medium 
(external phase) and a decreased volume of the globules (internal 
phase). If water passes in the reverse direction the total volume 
of the globules will increase and that of the medium will de- 
orease. If the number of globules zemains the same this may be 
exixressed in temis of sise. When water passes from medium to 
globules the globules swell ; when it passes in the reverse direction, 
they shrink. Of course there are corresponding changes in the 
distances between globules or, what is the same thing, in the 
average thickness of the layers of medium l>et ween tliem. It is 
possible to imagine the globules so large that they are packed 
closely together to the point of mutual defonnation, the medium 
bdng reduced to a^ystem of thin films between the swollen lob- 
ules. This condition appears to be realised in many On 
the oth^ hand, it is possible to imagine the globules so small 
that they are far apart and touch but seldom, as in most emulsoid 
sols. 

The bearnig of these conpidorations on permeability will be 
apparent if these changes are imagined as taking place in the 
surface laydt of protoplasm. It may be remarked, however, 
that the reasoning holds equally well for any protoplasm in any 
pAit of theeell and does not depend on the assumption of a difftf * 
entiated surface layer or Plasmahaut. Ck^isidering the sur- 
face layer of the cell, whether differentiated or not and regard- 
ing it as a two-phase system of the kind described, it is obvious 
tiiat when the globules of the internal phase are small there will 
be wide spaces of medium between them. At such times sub- 
stances soluble in the medium will enter the cell readily. On the 
other hand when the globules are large the spaces between them 
will be small, perhaps reduced to mere fifans, and substances 
soluble in the medium cannot enter, or will enter only with 
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difficulty. Manifestly, shrinkage or swelling of the globules 
will affect greatly the ease of entry of substances soluble in the 
medium. Sudi shrinkage or swdliog wiU fottow changes in the 
distribution of water between the phasee, and, if protoplasm is 
analogouB to simpler colloids, such alterations of water distribu- 
tion can be caused by changes in electrolyte concentration or by 
other quite possible causes. No further detail is needed to indi- 
cate the possibility of causing by such a niechamsm the changes 
of permeability which are actually- observed. 

It should be noted that solubility in the globule phase alone 
win not enable entry into the cell. The gjobutos aze isolated. 
In order to pass from one s^obule to another a dissolved substance 
must pass through a layer of medium. No aubetanee can do this 
unless it is soluble in the medium phase as well as in the glob- 
ule phase. It follows that a substance which always penetrates 
readily must do so either because it is soluble in both phases or 
because, being soluble in the me<iium only, it causes the globules 
to shrink, thus widening the passages for its entry. Doubtless 
waterentersinthefint way and this is probably true also of sub- 
stances lijte urea, ^jwnna and the mcoatomic alcohols which 
appear to enter most cells veiy readily and regardless of the con- 
dition of the cell or the presence of other substances. Sodium 
chloride also enters readily when antagonistic salts are ah-oTit 
but it probably enters in the srP()nd way, that is by causing shrink- 
age of the globules. This is mdicated by the fact that it also 
increases permeabiUty for other sub.Htauces as was shown, for 
untancc, by lillie for the pigment of Armieeto larvae.^* 

If a sub^anoe enters the cell only at times, as the amino acids 
and most salts appear to do, that is because it does not cause the 
globules to shrink and is therefore able to enter only when the 
condition of the cell or the effect of some other agent has caused 
sulhcient shrinkage to provide a path adequate for entry, a 
substance i!nped<'s the entry of another, as calcium chloride does 
for sodium chloride or for most dyes, that is because it has caused 
the s^obules to swell and thm to dose more completely the paths 
between them. The ^lanation of antapmism is obvious. 

>• Amer. Jour. Pbyiiol. M: 23 (1909) ; 28: 21 1 (191 1 ) . 
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The hypothesis outlined Beems preferable to the "sieve" 
iheoiy of Tnnibe>> and Ruhland" and to the "lipoid" theories of 
Overton" and Nathansofan*^ for the reason that it explains the 
frequent and nonnal changes of petmcability for which those 

theories fuil to account. Comparison with tho recent lii-nothoscs 
of Spaotli and of CIowos must be a httie more detailed. Spaeth 
ascribed alt<'ration of penneability to a change in the viscosity 
of the surface layer of the cell following a change in the "di^ree of 
diqmion" of protoplasmic cdloids. There is an uncertainty 
as to what is meant by "decree of diq)ersion." As commonly 
used this term refers to a change in the sise of the dispersed 
particles of a colloid either by division of each of these partides 
into smaller ones (greater dispersion) or by aggrcpation of <=!everal 
particles into -^ii't^le larger ones (less disper^^ion ' TTowever, the 
context implies tliat Spaeth refers to f?welliiig or shrinkage of the 
particles rather than to disintegration or aggregation of them. 
If this is so the Spaeth hypothesis differs from the present one 
only in that the mechanism by whieh swelling or shrinkage of the 
globules is brought about, namely, water exchange between the 
phases, is not suggested. Also, a regulation of permeability 
by restriction of the paths of entry between the globules would 
be much more effective and precise than any regulation which 
might be produced by the mere change of viscosity which Spaeth 
assumes. Such a change of viscosity would occur together with 
the cliange in size otthe globules but would have much less effect 
on penneability. 

The chief objection to the hypothesis of Clowes is that the 
phase inversion which it postulates would produce a change in 
the permeability relations of the cell much more sudden and 
complete than is actually observed. When phase inversion oc- 
curred tlie cell would cease all at once to be penneable to the set 
of 8ubstajices soluble in one phase and become immediately 
permeable to another set of substance, namely, those soluble 

" Arch. Anat. und Physiol. 1867: 87-165. 

" Jahrb. wim. Bot. 48: 1-54 (IINW); Biochem. 2eito. M: fl9>77 (1916). 
» Viert. ljr.hr^chr. oatuif. Gm. Zurich 44:88-135 (1800); Jahrb. win. Boi. 
84: 609-791 U899). 

>« Jahrb. win. Bot. 88: 807-644 (1904) ; 40, «)3 442 (1«04). 
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in the other phase. Such sudden changes of permeability do not 
appear t() haxc hot^n observed, nor has it been shown that in- 
crease of ptriacabilily to one set of substances is accompanied 
by deeresBed pemieability to another set. These objections 
night be avoided in part by assuming a membrane in a state of 
mobile equilibrium so that parts of it are always in one phase 
relation and parts always in the inverted relation, or by assuming 
a state of frerpiciit alternation of the membrane from on*^ phase 
relation to the oth<'r. Such conditions are probably possible 
<»f occurrenee theoretically as (iynaniic equihbria. but the balance 
would be extremely delicate and any slight disturbance would 
destroy it completdy, creating the eondition of entire and sadden 
reversal of permeabUity rehitions which does not appear to be the 
rule. 

In his second paper" Clowes presents experimental evidence for 
a parallelism botween the efTeets of sodium hydroxide and 
caleinm chloride in producing phase inversion in emulsions of 
olive oil and water and the efTeets of these same reagents on the 
penueability of protoplasm. But this parallelism does not e«- 
tabUflh that the two medumkmB are the same. Olive oil and 
water do not mix. Their emulsions do not have the property 
of ready exchange of water between the phases, which proptfty 
characterizes the emulsoids of the gelatine type and pit4>ably 
the colloids of protoplasm. Nothing similar to olive oil occurs 
in the nonnal cjiopln^^m. The lipoid constituentrS of the cell 
are not oils and ha 1m ^en shown by Loewe" to be capable of 
forming with water, eniuisoid colloids which appear to have this 
property of water interchange. But, even if these differences 
between the two cases are ^^nored, Clowes' evidence is not in- 
consistent with the hypoth^iB here suggested. It is quite pos- 
sible that the swelling of the globules which is here postulated 
and the phase in\-crsion which Clowes postulates could be pro- 
duced by the saine agent, tor instance, calcium chloride, accord- 
ing t<t the coi>c«'iifrrition in which it is used. Thus the ultimate 
effect of addiiig an agent wliich caused swelling of the globules 

" Jour. PhvB. Chcm., lor. cil. 

» Biochem. Zeits. 42: 150-218 (1912). 
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flught be to poroduoe phase invenioii or, oonvorsely, the initial 
effect of an inverting agmt might be to make the globules swdL 
Althougih change in water distribution appears to be a simfder 

and more effective mechanism for the ordinary regulation of per- 
meability, it does not follow that phase inversion is impossible 
as an extroTiie case of the same process. Both pfTpcts might re- 
sult in turn from, for instance, a prop't'-'^^i^'f' change of the sur 
face tension at the interface between the phases. The behavior 
of cells to etber, chlorafonn and othor anesthetics is of interest. 
Small eonoentrationa of these substances decrease permeability; 
lavge eonoentrationa increase it." The decrease is revenible; 
the increase is not. May not water interchange and phase 
inversion be in turn involved in these effects? 

It must be hftriio in mind also thnt the result of long continued 
transfer of water between the phases js tinally the same as though 
the phases had been inverted. A system consisting of a dilute 
external phase and a concentrated internal phase may become a 
system having a concentrated extenial phase and a dilute internal 
phase, not because of phase inversion by which the eictetnal 
phase has become the internal, but because of interchange of 
water by which the concentrated phase has become the dilute. 
The end result is the same; the path by which it was reached is 
different. 

As to the chemical nature of the two phases which might exist 
in protd^lasm and function in the way assumed, it is possible to 
say little. It is interesting, howevei*, that the work of Loewe 
already mentianed indicates that some lipoid substances can 

form colloids of this type. The assumption of a hpoid-water 
colloid would explain the remarkable series of facts adduced by 
Overton in support of his lipoid theory as well as the facts which 
have l)een urgtHl as incoiLsistent with tliis theory. In a sense 
this would be a revival of the "mosaic" theory of Nathansohn 
but on a different physical basis. In this connection it is of 
interest that Calugareanu'* has obeyed a swelling of the glob- 

" Lillic, Amer. Jour. Physiol. 29: 372-397 (1912); 30: 1-17 (1912) ; Osterbout, 
ScieoeeST: 111-112(1013). 

*• Bioehem. Zeit». 19; 98-lOt (1910). 
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iil68 of lecithin suspensioDS when ether or chloroform is added, 
the aneBthfitic being taken up by the suspension and presumably 
fay the lecithin g^buks. lilHe** has suggested that anesthesia 

may be caused by a swelling of the lipoid particles due to the 
absorption of the anesthetic by them. In the case of the organic 
anesthetics such as ether and chloroform this explanation might 
be adequate though it is doubtful if the amount of anesthetic 
necessary to produce physiological effect is sufficient to cause 
any large degree of swelling of the particles by simple addition 
of volumes. The eaq>lanBtion Is inadequate to account for the 
anesthetic effect of magnesium salts^ and it seems moie probable 
that if swelling of the particles (or ^obules) occurs in anesthesia 
it i s pncondary and due to an absorption of water caused by the 
anesthetic rather than to the added volume of the anestiietio 
itself. 

It is interesting that the hypothesis presented in this ])aper 
receives support from a series of facts which are not closely 
related to peimeabiMtj. It has loog been known that the "con- 
sistence" or visooeity <tf protoplasm is variable. Some p^to- 

plasni is practically liquid; some has the consistence of a stiff 
jeUy. Recently two independent lines of investigation have 
shown that changes from liquid to semi-solid condition vice 
versa may occur in living protoplasm spontaneously or under 
chemical or mechanical stimuli, and that these changes may bo 
reversible. These investigations are the ultramicroscopic stud- 
ies of GaldukoVj^* TnoeP and othets and the experiments of Bar* 
ber,>* Eit^ and Chambers'* on micro-dissection the cell. 
Such changes of consistence are easily explainable as due to 
changes in the distribution of water betwera the phases. Similar 

Amcr. Jour. Physiol. 29: 395 (1912). 
» Meltzcr and Auer, Amer. Jour. Phyiiol. 14: 361-388 {ISOi); Zentbl. Physiol. 
ST: 632-635 (1913). 

»' Ber. deut. bot. Ges. 24: 107-112, 155-167, 1^194, 581-590 (!!>«;); Dunkel- 
feldbeleucbtung iind Ultraniikrosko[)io in dor Biologic uikI dor .Mc<li/.iii, I'JIO. 

" Science Progress 8: 343- dM (1"J13; ; Aimuls of Botany 28: 'JUl- a.i2 (1U14J. 

•« Jour, infect, diaeases 8 : 348-360; 9: 117-129 (1911). 
Miol nn!I 28: 17 1013); Amer. Jour. Physiol. SI: 140-164 (1913); Kite and 
Chauibera, Science 36: (1912), 

••Sciene* 40t 834-827 (1914). 
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changes in the aimple GoUoids have been traced to thia cauee and 
no other adequate eaq^aiiaticn is apparent for the case of proto- 
plasm. It was m connection witli this matter of protoplasmic 
viscosity that thr |tr<>spnt hypothej^is 'ivn^- f)rip;inaily developed 
and I hupe to discuss tiiis phase of the subject in another paper 
at some future time. 

Note. The contents of this paper have been presented to 
the members of the journal dubs and seniinan of a few univetw 

rities an i discussed with maxxy individual workeis. It was the 

intention of the author to re%'ise it in several important partic- 
ulars, but fl*^ he was ordered abroad on military service before 
this could he done, his consent was secured topubhcation in its 

present form. 

Among other matters, the author would doubtless have taken 
into oonsideiation the complex Bgnatems whidi may result when 
supposedly non-diffusible substances, such as the colloidal 

carbohydrates and the proteins, are brought together in one mass 
or system. Such arrangements are to be considered as including 
minute strands or filaments or lenticular, etc., masses of prot3ins, 
carbohydrates, etc., each in its own characteristic foam, honey- 
comb or sponge condition, the entire complex mutually inter- 
acting as to water relations. The inteipolation of such posi- 
bilities into the hypothesis presented by Dr. Fies would result 
in the multiidication of the reactions witii regard to penneability 
in a very important manner. 

I). T. MacDouGAI^ 
F. £. Lloyd. 
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ON THE DEVELOPMENT OF TWO f'LAN i ASSOCIATIONS 
OF NORTHERN MICHIGAN' 

ilK.NHV ALLAN GLEASON 
Univtraity of Michigan, Ann Arbor, Michigan 

It has been pointed out va ?m earlier paper' that the first stages 
in the development of a plant asisociation are the immigration of 
species from the snrroiinding plant population and the selection 
from among them of those particular species which are adjusted 
to the local «iviroiiinont at that time. In the same paper it was 
also shown that the control of the physical envuonmmt by eei^ 
tain species of the selected umnigrunts is always an important 
feature of tlie environm^t and that ultimately the number of 
indivichials of each species in tho association is an index to the 
completeness and exactness of their adjustment to local condi- 
tions. Those species which exert the greatest measure of environ- 
mental control, thereby favoring their own multiplication and 
restricting that of other plants, are known as the dominant species 
of the association. 

The development of an s^sodation on denuded ground there- 
foro presents the following four stages: (1) immigration of niun^ 
ous specie^, (2) selection' of those species adjusted to the physi- 
cal environment, (3) the development of Hominancy among cer- 
tain species, and (4) the restriction in number or even complete 
extinction of the remaining secondary plants. These stages occur 
in the order stated, but the inception of one does not await the 
completion of the preceding. In fact, immigration and selection 
continue through the whole existence of the association. Any 
further changes in the association, aside from seasonal variations 

iPid>lieatioB ao. 170 from the Botanieat Labomtoiy of the Univenify of 
Sfidhigan. 

•Bull. Torr. Bok Club 44 : 463-481. 1917. 

■ It it 6Mlly imdexAood that lebetioii takM plae« by the dimiiiatioii of naad^ 
juated q)eei«8b mtiier tbaii by any aoHof ettvironnwntal choice. 
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due to minor fluctuations in climate or otber enviitonmMital fac- 
tors, are slow in operation and generally illustrate sueceesion 

rather than dm-elopment. 

lender favorable circumstances the development of doniinancy 
prncoods rapidly and the span of a few years is sufficient for the 
asjjociation to reach maturity. When this stage is reached, the 
association remains essentially the same for an indefinite time, 
until it is finally succeeded V another. 

One particularly favorable location for the rapid development 
of associations is dQ cleared land, where the soil is already in good 
condition for plant growth. Good illustrations of this type are 
abundant in northern Michigan, where logging operations are 
still in progress in the beeeh-maple forests. 

The trees are felled in wint<*r. The logs are piled where they 
can be reached easily by teams, and the brush and tops are thrown 
into small heaps which are so numerous that they cover at least 
a fourth of the ground surface. Numerous logging roads are 
built, which branch and intwsect so tiiat every pile of logs is 
reached. 

Immigration of the f?peeies normally found in the be+i'ch-maple 
forest is of ef)urse easy. The seeds hav(^ been scattered during 
the pre\'ious autujuii and, of some species, (loul)tlcss during the 
winter and following spring, while most of the perennials live 
uninjured under ground through the logging season. The fol- 
lowing spring growth of the forest plants begins under greatly 
changed conditions. The light has increased from de^ shade to 
full sunlight* the surface layers of the soil dry much more quickly, 
and the evaporation ratio is greatly increased. As a result, seeds 
do not genuiaateand most perennials die before the end of spring. 
Here and there scattered plants remain, small in size, seldom pro- 
ducing litiwers, and with their leaves sunburned and misshapen. 
Under the partial shade of the edge of the brush-heaps more of 
them persist, but even there the number is much smaller than on 
an area of similar size in the original forest. 

While environment is restricting the growth of many secondary 
species of the forest association, it is favoring certain others. In 

r 
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the original forest it is easily seen that Acer pennsylvanicum* Sam- 
btuma racemosa, and Rubm idaetts, var. acideaiissimus are enpeci- 
al^ sensitive to shade and are alwasrs most abundant in the light- 
est spots. These three became the typical species of the clearing 

vegetation, associated with small nmnbersof various otherspecies. 
Before the end of the summer numerous seedhngs have developed, 
and their number is greatly increased the following year. Their 
growth is rapid, and by the third summer they have occupied the 
ground ahnost completely and have formed an almost impassible 
jungle a meter or more in height. This tangle of shrubbery 
serves as a nursery for seedling beeches and maples; partieubrly 
the latter, the seeds of which are produced more freely and are 
easily distributed by the wind. Several years must elapse before 
the young beeches and maples overtop the elders and raspberries, 
which then succumb to insufficient sunlight . Tlie result ine- maple 
thicket is now composed of saplings of approximately uniform age 
and height, and beneath it the usual secondary species are already 
appearing. 

Xhe time necessary to reestablish the maples as dominant 
qtecies appears to be never less than five years under the best 

conditions, and it may be prolonged almost indefinitely by fires. 
Tables 1, 2, 3, and 4 give the frequ«icy indices* for t he various 

species composing the original association and for three stages in 
its rcestablishment after clearing, estimated in each case from 
counts of 100 two-meter quadrats. These were made on three 
different areas, not more than ^00 meters apart, and in two 
diffoent years* 

While the logging operations ate in progress, a large number of 
anthropochorous species are introduced They are brought in 

* All names in this ariiole follow the nomendatare of Gray's New Manual of 

Botany, seventh edition. 

*Thefraqueney index is the ratio, expressed in percentage, between the number 
of quadrate !n which a apeciea actualty occurs and the tot^il number of quadra^i ■ 
cuiint^'d. If 100 quadttta are counted, the index is expressed directly by the num- 
ber o{ quadrats for any species. Thus, in Table 1, seedlings of Acer saccharum 
oecurred in 02 of ^e 100 quadrats counted. In determining the frequency index, 
no attention is paid to the numbevof individual plants. Nevertheless, there is a 
direct relation between froqiirnry nnd number of individuals^ SO Uiaia high index 
is invariably associated wiU' large numbers. 
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TABLE 1 

Virgin bfifck-mnpte forrst, tBlS. Frequency indices for necondary apeciea only 

Acer sacckarum seedlings. 92 Clinioniaborealis. 7 

Fofyu grandifoUa BeedUngB 74 Stnptojmt Umfipet i 

Maianthenium canaHenat.. . 46 Trientalis amen'cana , 4 

Smilacina racemosa 37 Galium trifiorum S 

Xear pemitvZtNmt'eiiin 28 Jf«boIa vif^tntana. 8 

PolygonalMW hijlorum 22 ^amiucus rocWtMa... .............. 8, 

Streptopua roaeua 18 Aetaea ai6a 1 

AMfriditm tpinvUmm 12 BtAua ida«u9, var. amleoCttttimM... 1 

Afalia rDidirniilia 8 

Present in the immedi&te vicinity, but not in the quadrats counted: Aralia 
racemota, Oireiua vietiana, Direa paluatrta, Epifagua virginiana, EpiMttUM an- 
ffuatifolium, Hieracium venoaum, Milchella repena, Monoiropa unifiora, Ottrya vir- 
giniana wedUng», Pyrola eUiptica, TtiUiwn frondijlorwn, Twta caiMMbiMtt aeed- 
lingB, Vlmua /tttra seedlings. 

TAfU.H 2 

Clearirm vegetation, first year, 1916 

Acer pennaylvanicum 18 Fagua grandifoUa seedlings 3 

Maianikmnwn eaaadmu* 6 Trillium grandifionan. 8 

Sambucua raremom . 5 Clicnopodium capitalum 1 

Rubua idaeus, v«,r. aculealissimu^.. i> Lacluca canadenia 1 

Acer aaccharum seedlings 4 Smilacina raeemoaa « 1 

Present in thp virinity, hni not in tho quadrats counted! Anaphalis marfjari- 
tacta, Epilobium, aivguaii folium, Erechtitea hieracijolia, Milchelia repena, Poly- 
00natiim tifionmt TrimtlalU amarieana. 

TABLE 1 

Clearing vegeialion, third year, 1917 
Samlnieut rueamota 86 Anaphalit iHargantaeea 8 

Rubn.'^ iiiaeufi, v:ir. ar>ilMlii$timu$,. 6-1 Fagus (;ra;i</t/ofi'a IMdluigl.... 7 

Acer pennaylvanicum 57 Pleria aquilina. 7 

Aetr aaccharum seedlioKS 66 OnaphtUiitm deeurrena 8 

Xpilobium (infjustifoUinn 35 

Present in the vicinity, but not in the quadrats counted: Bilula alba, var. 
papyrifera, EpilMum admoeoMlon, Brig0nnea$utd«iuiit Mtdm^ktmaim eoMdlraJS, 
Populiu gratididenU^ P«piUv$ iremuloidn, SmiUettM raeMnosa. 

TABLE 4 

CUarutg tt^MUoH, a( Icoal eight yeara old, 1917 

Attr taeeharum 100 TriUivm grandiflontm 3 

Acer penn^<rlvnn{rnm H Clintonia borcnb'a.,^,,,...,, 2 

Maianthemun canadenae 6 Mitthella reperu . I 

: gran^folia ft 

Nuin«n»ua other qiecMS ooear widely aeatteied throiii^ the afMU 
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in hay, in packing material, and doubtless in other wagrs also, and 
axe distributed thioug;h the clearing along all of the logging roads. 
They aie all common field and roadside weeds of the neigliboring 

farming region or ruderal plants of the city of Cheboygan, to 
which the lumber is hauled. Away from the settlements their 
distribution is restricted completely to areas more or lo^^s modified 
by human activity, as has been described in another place. ^ 

Those species demand full sunlight for their Ruccessful growth, 
and couisequently develop rapidly during the first sunuucr. At 
that time the premises of the logging camp, every logging road, 
every site of a log pile and every feeding ground are marked by an 
assemblage of foreign species, occurring as scattered individuals 
but greatly outnumbering the few relics of the fOTSst. Owing 
to the great seed production so characteristic of weeds, their 
numbers arc; vastly increased during the second suuuner. By 
the third sujiuner one species, Poa pratensis, and frequently 
another, Phleum pratense, have become so abundant that they 
form extensive patches of sod, which occupy the camp grounds and 
extend in narrow lines along every logging road. Ih short, every 
part of the original forest which has been accessible to horses and 
wagons is converted in three years into a blue grass meadow, 
which forms a striking contrast to the tangle of shrubbery hem* 
ming it in on all sides. 

Elimination of species begins with the estabUskment of a sod, 
and by the third summer several species of the first year have dis- 
appeared. Of the remainder, tiie majority are restricted to the 
edge of rubbish heaps or sawdust piles, to the base of the walls of 
buildings, or to small and dense colonies within the meadow. In 
such places th^ may resist the further encroachment of the 
meadow for many years, as evidenced below. A minority, on the 
other hand, seem well adapted to the sod and are found widely 
distributed over it. These species are Trifolivm pratense, Tri- 
folium hybridum, Trijolium repem, Agroalis aiha, and Rumex 
acetosella. 

It is noteworthy that these foreign species are virtually inde- 
pendent of the local physical environment. The logging roads 

•BuU. Tore. Bot. Club 41: 611-621. 1914. 
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frequently descend gentle slopes and cross a narrow marsh in the 
valley, without any change in the composition of the flora except 
the addition of RanunculuB aeriB* There is, however, some 
change in the relative abundance of the various species, and in the 
Rise and Itucurianoe of the individuals. Similar areas of the Uue 
grass association occur throughout the uncultivated region, on 
clay and on sand, on upland and on lowland, on forest clearings 
and on abandoned farms, and all exhibit the same vegetational 
structure. The association is therefore a ]iroduct of human 
activity and not of physical environment alone. 

Tables 5 and 6 illustrate the structure of the blue grass associ- 
ation at two stages of its development in dearings. 

TABLE 8 

Blue grass atsociation, first jfear, 1915 

Poa praUnsis 16 Epilobium angustifolium 2 

I'hleiim prdfense 11 Erigcron canadensis .. , 3 

Tn folium hybrid um 9 Lepidium viriiinicum 2 

Polygonum convolvulus 5 Anaphalis tnarga ilacea 

Trifolium praUnm 5 Cirsium arvense 

Capsella bursa-paHoH$*,. 4 Gnaphalinm derurrens 

Trifolium repent ...... 4 Hieracium aurantiacum , 

Cwnutiwn miigatum 8 Lapputa eekinata 

Chenopodium capitahtm,, 3 Lychnis alba 

Cynoglottum officinale 3 Sisjfmbrium officinaU 

Bumex oMiotflla 8 

1 Ve n ty oftflt qwoieB fllw ooeurred in tlw aasociation, but not in the quadnU 

counted. 

TABLBt 

Bim fnw» MMCtolion, titird yw, 1917 

Poapralensis 96 Pteris aquilina 8 

Phleum pratense 21 Capaella bursa- pastor is 4 

Trifolium hybridum 13 Cirsium arvense 4 

TrtfalivM pratense : 10 Arenaria serpyUifiMa 8 

Ritmer arrlofclla 9 F^yrhnis alba 3 

Trifolium repens 8 Rumex elongalus 2 

AfnttU oIBm 8 ChryttuUkemum lewatUhmum 1 

Poa com pre 6 Cynoglossum officinale 1 

Twenty other species also occurred in the anociataon, but not in the quadntt 
counted. 



A .similar development of the same association takes placp in 
abandoned fields. The hrst season after cultivation the held 
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is occupied by numerous species of introduced weeds. Among 
them Poa protefuw, sometimes aesoolAted with Phleium protenM, 
soon becomes dominant, the species and individuals of otbsr weeds 

are reduced in nuinbor, and in a short time the blue grass meadow 
is df^vfOojiod. Tablo 7 exhibits in parallel columns the structure 
of the saiiu" field in 1914 and 1917. This field was plowed in 1913 
and has since then been abandoned. 

It is not known how long the blue grass association may persist. 
It is still well developed in numorous places in the aspen region, 
which was fonnerly occupied by pine forest and was lumbered 
over thirty years ago. The introduction of the blue grass was 
doubtless contemporaneous with the logging, and the association 
now marks the site of feeding grounds and logging roads. Numer< 
ons other species still occur with the blue grass alonp: roads now in 
use, but isolated areas frecjuently cnnt-uii no other foreign species, 
or Chrysanthcmidn Icucanthemum aione. Other species, winch 
may have been ai»sociated with the blue grass fonnerly, have suc- 
cumt>ed under the competition with the Une grass sod. 

The association still presents a considerable number of seeond- 
sry speeies aroimd an old mill, abandoned at least seven years 
ago. Here they are in general restricted to the sawdust heaps, to 
the base of walls, and in some cases to the inside of abandoned 
stables. Thirty-six species were listed about the premises in 
1917, and two additional species occiirrfHl within the stables only. 

The ultimate fate of the association depends entirely upon its 
relation to continued hujuan activity. Usually the logging camps 
and roads are abandoned when the lumbering is completed. A 
young forest develops rapidly at the margin of the blue grass 
association and gradually encroadies upon it. At the same time 
scattered individuals of forest species succeed in establishing 
themselves within the main body of the association, and by their 
shade contribute to the destruction of the blue grass and the 
e\entual reappearance of tJie forest. Among these pioneers 
Rutm idaem, var. acukatissimus and Acer aaccharuin are conspic- 
uous in the succession by the beech-maple forest, and Rhus 
glabra and Prunus pennsylmniea in the succession by aspens, 
leading ultimately to a pine forest Indications of the f oimer are 

TU PLAXT WOHLD, VOL. 21, MO. 8 
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shown in table 8. If the dovolopment of the surrounding forest 
is restricted by further clearing or by fire, the blue grasis associa- 
tion probably continuea indefinitely. 



TABIBT 

D«9riopm0nt of bim gratt auoeiation. Frequency indiut baaed 

quadrata 



on U two-meter 



Poa pratensia «.....,.. 

Pterie Oiquilina 

Verbtueum thaptue 

Chenopodium ai6um......... , . 

SiaynArium altiaaimum 

Krigeron canadenaia 

Polygommt convolvulve. 

Taraxacum officinale 

Setaria glauca 

JSuftiM idaeue, w. eundeoHMt- 

mu8 

Aralia hiapida. 

Seeaie eereate 



19U 


1«17 




1914 


1SI7 




UK J 




27 


0* 


100 


93 




13 


13 


80 


27 




13 


7 


100 


0 




20 


0 


87 


0* 


Epilobium anguatifolium 


7 


7 


67 


0 




7 


0 


67 


0 


Amarmtkiu utrofiej > - 


7 


0 


53 


7 


A poepnum androsaem ifulium . 


7 


0 


47 


0 




7 


0 








7 


0 


13 


33 




0 


7 


0 


33 




0 


7 


33 


0 









'Present la the associatioo but not in the quadrats counted. 

TABLES 

Devilment oj Mim pnMt nuoeiation. Freqveitey indieee baaed en tS two^meler 

quadrala 



Poa pralenaia 

Erigeron canadenaia 

Rubuf idaeua, vsr. octdeoltW- 
Mua 

Verbatcum lhapsua 

Chenopodium album 

Polygonum convolvulve,,,... 

Lepidium virffint'rum 

Siaymbrium allisti im urn 



1014 


1917 




19U 


1917 


100 


100 


Gnaphalium dtewrtm 


20 


0 


93 


0* 


Agro^a alba . 


13 


0 








13 


7 


80 


87 




7 


0 


60 


0* 


Aralia hispida 


7 


7 


53 


0 




7 


0 


rv.i 


0 






T 

4 


40 


0 


•Sambtteut raeetHoea 


7 




40 


0 


■ 







•Present in the oasocintion but nnt in tht- qtindrnts connt<»d. 

Additional apKscies present in the aeaociation in 1917, but not in the quadrats 
oounted, and not present in 1914: Aetr eaeeherwn ieedtiagi^ PAInnM pndenet. 
Pterin nquilina, Rkne fUbro, Rtdnu alls; A«i»t«n«t«, SoKdago eanadmn's, Toroso- 
cum officinale. 
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CuLTlTBK or Mistletoes. The first results of an extended scries 
of eTperiments on the culture of mistletoes have been publiplied by 
Weir,' whosp interest in these plants if that of the fon^stcr investigat- 
ing one of the serious enemies of forest tree». The work wa^ begun in 
1911 and has been carried out in the northwestern states, chiefly at 
Missoula, Montana. Some of the cultures were made in the open and 
some nf them in the fn"cenhouse. The inoculations were effected by 
soaking the i^^vxh of the parasites and allowing them to dry on the 
twigs and young branches of the hosts. No inoculations were at- 
tempted on brandies more than SIX yBtM old. The success of the 
method was demonstrated by the ease with wfaidi it was poasilde to 
establish each of the parasites Ob the host tree which it most oommon^ 
attacks, or for which it cxhihiti* an "affinity," to use tho wording of the 
author. Species of Rawnmofskya were also establishctl on hosts which 
they seldom inhabit in nature, as well as on related trees from regions 
in whidi this genus of mistletoes does not occur. Important infcwma- 
Uon has thus been obtained that will aid in preventing the disseminap 
tion of \vest<rn mistletoes by introducing nnrscrv' stock into eastern 
fore«ts or plantations in whith new hosts might he attacked. For 
example Razoumqfffkya lartci^ mainly affects Lahx occultntah's but can 
he made to grow on Larix lyallii, L. europaca, L. kptukpi^s, Ahi«» 
granditt Pinu* pendenm and P. eontarta. Negative results were 
secured from inoculations made on twelve other q>edes ti conifers and 
on AJjitis. Brfiifa and Snlix. Razoumofskyo amencana is commonly 
found on Pinm contorla and P. bank.fiana, but was made to grow on 
six other pines, with negative results on fifteen species of Larix, Abies, 
PieeOf etc. It is pointed out that when the same strain of mistletoe is 
grown on sev( ral hosts tht re are uiMphological differences between 
the resulting plants, which have been used— in one or two rns^^s — ^as a 
basis for the dcsi rijition of distinct species. Other diflennccs which 
have been used in classification— notably those of color — appear to 
be due to climatic conditions. — Forrest Shrbve. 

• Weir, James H. Experimental invfstigatioiu on the genus Kttzoumojskya, 
Bot. Gm. 9li 1-91. 19ia. 
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BOOKS AND CURRENT LITERATURE 



VBaETATiON or South Aisxca. — very brief account of the vege- 
tation of South Africa below Lat. 22* S. has been published by Evans.' 
The leading components of the srvrral types of vegetation are listed, 
but little attempt is made to describe the vegetational characteristics 
of these areas. The woodland vegetation is subdivided into forest 
and aanh, areas which are confined to the immediate vicinity of the 
Cape; into bush-veld, found mainly in the Transvaal; and palm forest, 
skirting the oiistern coast down fo Laf. 32°. The grasf^Iand is sub- 
divided into liipli veld, occupying southern 'I'ransvaal and Orange 
Free State; thorn veld, lying in ^atal and eastern Cape of Good IIo|>e; 
and the Kalahari gnsdand, lying in the interior. The desert areas 
are those of the Namib, lying on the Atbntic coast; Namaqualandy 
lying in the western interior; the Karroid plateau, in northern Cape of 
Good Hope; and the Karroo, adjaeent to the scrub and forest of the 
Cape. An excelleiit series of 48 illustrations conveys a vivid impres- 
sbn of these types of vegetation, and a colored map shows tiieir general 
distribution. In spite of the much more detailed work of Marloth it is 
of interest to have this addition to our knowledge of the vegetation of 
one of the most diversified of all the regions which are in danger of 
prof(jun(l alteration through human agency. One of the greatest 
liiuitalions to the economic development of the Union of South Africa 
is most patently diowii on the vegetation map in the extrem^ small 
sise of the forested ares. — FOBBBST 8bBBVB. 

■ EvBu, I. B, Pdl«. The Flant Geography of South Abin. Offiebl Y«ar 
Book, Union of South Afries. Pretoria, 1916. 



KOii:.^ A-\D COMMENT 



Dr. T. H. Kca^ne^^ of Ihe Bureau of Plant Industry, has written an 
inttTi'stinp: account of Plant Life on Saline Soils, which was delivered 
as 'bf address of the retiring President of the Botanical Society of 
Wasniugton in February, 1918 (Jour. Wash. Acad. Sci., March 1918). 
This is a subject in which Dr. Kearny has had wide experimoe and his 
oondusioiis will therefore command mudl respect. He seems, how> 
ever, to have missed many important contributions of the last few 
years and says: "Comparatively few determinations have been made 
of the osmotic pressure in the roots of halophyte^." 'So reference 
whatever is made to the work of Hairist Lawrenoe and others, which 
surpasfles the wturk of pfevious eontributors in adequacy, otaotness 
and goieral importance. Their papers are easily accessible. Some 
of them been published in American journals as follows: 

Hahms, 3. Abtbvs, Jobk V. LAwasNCB and Eom Aixkn GoerNSB. On the 

osmotic pressure of the juiee* of desert plants. Seienoe, n. s., 40, 

m-m (Apr. 1915). 

Hauub, J. Abthub, and J. V. Lawbsmcn, with the cooperation of R. A. Gortnbr. 

Thr rryoscopic constants of expressed vpKt'tablc sups aH related to 

loctil eovironowntftl cooditions in the Arizona dcserta. Phyaiol. R»- 

searelwB, S, 1-49 (1916). 
Hamus, J. Arthur. Physical chemistry in the service of phytOiSOgraplky. 

Science, n. a., 46, 25-30 (July 1917). 
Hahub* J. AmHoa, and John V. LAwaawcB. The osmotie oonoentnticm of the 

sap of the leaves of mangrove tiest. BioL BttU.« IB, 202-211 (Bfanh' 

1917). 

Habxis, J. ABTHtm, AND JoBN V. Lawbkkcb. The osmotie consentrBtion of the 
tiHHuc fluidn of Jamaican montaoe rain forost VBigetBtion. Amer. 
Jour. Bot., 4, 269-298 (May 1917). 

— D. T. MacDouqal. 

The Geographical Review has recently published a paper by Dr. 

Carl Skottsberg on the botanical feature? of the Juan Fernandez 
Island? (May 1918\ The two islands which form this jrrotip lie 360 
and 450 miles from the Chilean coa.st. Their topography in extremely 
rugged, and the smaller island reaches an altitude of 5300 feet although 
it is only eight miles long. The small bodies of forest occupying the 
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NOTES AND COMMENT 



valleys and hii^er dopes are rich in members of viddydistribated 
Pacific genera and in peculiar fOideinic qieoies. Among the latter are 

the palm Jnanta nuslralis, the wood}'' composites Dendroaeris and 
R(^insonia, which have a ininiatun? arhorospent habit, Gitnnera maH- 
afnerae, which has leaves ten feet in diameter, and the archaic fern 
Thyntopterit. At least one plant peculiar to the islands— a sandal- 
wood— bas bem extominated. On the highest plateaus are fomid 
many species common to soiitherntnost South America. The excel- 
lent illustrations accompanying the paper give a vivid conception of 
the natural features of these little-visited islands. 

Through the initiative of the Wiaycross ProgFees Club, of Way- 
cross, Georgia, a movement has been started for the preservation of 

Oknfinokee Swamp, ulii h is in danger of rapid spoliation by draining 
and lumbering operations. Dr. J. F. U'ilson, Secretary of the Progress 
Club, is endeavoring to interest as many persons as possible in the 
formation of an Okefinokee Society for the active promotion of plans 
to have at least a portion of the swamp set aside as a 8tat« or national 
preserve. The great biological interest of the swamp should eUcit the 
cooperation of botanists and ztxilogists in this j)lan. It i to he hoped 
that both individuals and scientific societies will give prompt aid to 
such a worthy movement. 

Mr. J. 0. Millais has published an elaborate quarto volume on the 

horticultural aspects of the penus Rhododendron, with numerous 
colored plates (Longmans, Circcn and Company). The history of the 
cultivation of these plants is given, together with descriptions of all 
q)ecies and hybridSi and a discussion of the soil and climatic conditions 
which they require. 

Among the papers which will appear in forthcoming isvsues of The 
Plant World are the foliowmg: Hoot Habit and Plant Distribution in 
the Far North, by Howard E. PulUng; The History of the Linden and 
Ash, by Edward W. Berry; Porous Clay Cones for the Auto^Irrigation 

of Potted Plants, by B. E. l ivinRston: The Genus Marinda in the 
Hawaiian I'lora, by Vaughan MacCaughcj^; Temperatures of Small 
Fruits when Picked, by Neil E. Stevens and K. B. Wilcox; and A 
Proini.sing Chemical Photometer for Plant Physiological Research, by 
Charles S. Ridgway. 
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THE HISTORY OF THE LINDEN AND ASH 

EDWARD W. BERRY 
Tkf John$ HopMn* VnhertUy 

THE ASH 

Few except professional botanists realize that our fiuniliax ash 
of southeastern North America is a member of the Olive family, 
or Oleaceae as it is known scientifically. This family of plants, 
named originally from the Mediterranean olive, now extenmvdy 
cultivated in California, contains a number of other wdl known 
plants, both native and introduced, some of which are greatly 
prized for ornamental planting. The devil-wood (Osjnanthtis) 
of our Gulf sta(<:^, sometimes called the American olive, belonpis 
in this family, as do the lilac, forsythia, privet, syringa and 
jasinme. 

The two principal areas* of distribution of the existing ashes 
are southeastern North ^\merica and southeastern Asia although 
they are not wanting in Europe or along the west coast of Ncnrth 
America. There are about the same number of species of ash in 
China as there are in North America but those of the latter re- 
gion are usually larger trees and yield a more valuable timber. 
In addition to the ash two other j3;pnera of the Olive family, namely, 
Chionajithus and Osfna ntluis . are rommon to China and oin* south- 
eastern states — in the former country Osmantiius flowers are used 
for the scenting of tea. 

Obviously Fnuiniis, Cldman^usmAOgmanAmM not origi- 
nate simultaneously or at different times in Asia and North 
America, and there must have been a time when these outlying 
centers of distribution were connected. On a subsequent page 
we shall see that this is clearly shown in the case of the ash 
(FrnTivris) . and the presence of a fossil Osmanthnf^ in the early 
Eocene of Tennessee indicates that this genus also is an ijincient 
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one that fonnerly niigratod hf^tween Asia and North America at 
a time when clijnates were more suitable for such a migration 
than they are at the present time, a tune when a land bridge 
united the two continwts across the present Behring Sea r^on. 

The adiee have handfiomei usually compound leaves consisting 
of a greater or less number of separate leaflets ananged m a pin- 
nate manner on a central stipe. Their leaves aro thus similar 
to those of the walnuts and hickories, but may readily be dis- 
tinguished by their opposite arrangement on the branches t lie 
walnut and hickory leaves being arranged in an alternate manner. 

The generic name Fraxinus for the ash genus is derived from 
the classical name uf the European a^h, and the conmion najne 
doubtless lefers to the ashy color of its branches. Ash flowers 
are not conspicuous but the winged fruits, technically known as 
samaras, are borne in panicles and are familiar to all that tramp 
the fall woods, each fruit resembling a tiny canoe paddle. 

The wood is tough, straight grained and that of some of the 
species is a most valuable timber Tn Britain ash lumber ranks 
next to that of the oak in importance. In this country ash is 
one of the leading coimiiercial hardwoods and the annual cut 
which amounts to about $10,000,000 in value probably exceeds 
the sanual growth increase in the supply, so that soon we wiU 
be obliged to bestir ourselves and do intensive cultivation or see 
the important industries that use ash lumber pinched by scar- 
city and consequent hi|^«r prices m obliged to use inferior 
substitutes. 

Af«h timber has such special uses that it is ino valuable to be 
u.sed for ordinary construction purposes. These uses all deptmd 
on its straightness of grain, elasticity, strengtli, hardness, and the 
characteristic of wearing smooth with use. Among these special 
uses the making of handles, which the layman might think unim- 
portant, utilises about 22% of the total cut witii a value of about 
$2,000,000 annually. Next in importance has been the use of 
ash for butter tub stave."? and other dairy supplies, which con- 
sumes over 2^%, of the aiuuial cut. Vehicle manufacturers take 
about ^h^'i, while planing mills use large amounts and the 
manufacturers of boat oars consume about a quarter of a million 
dollars worth of a^^h luuiber every year. 
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Next to spruce ash is the most miportant wood used m aero- 
plane construction. It enters into frames, outriggers, skids, 
rudders and propellers. As recently as 1914 this use amounted 
to less than one-one>hundredth of 1% of the annual cut, but at 
the prjMent tune this percentage must be very much greater. 
Ash, chiefly black ash, enters largely into bent frame parts as 
well as for slats sitti splints in basketry. The early settlers in 
New England learned froT^i t!u> Trninns who were accomplished 
in this handiwork tlie art of making baskets that lasted a life- 
time of ash splints and strips 

The production of Chinese or insect white wax (Peh-la) is, 
next to agriculture or sericulture, the most important industry in 
certain parts of China (Szecfaium). This wax is deposited by a 
scale insect on a species of ash (Fr<mni«8 ekinenn9). The in- 
sects are bred on a privet (Libustrum lucidum) which does not 
grow in the immediate vicinity of the ash plantations so that the 
eggs must be carried rapidly by coolies a distance of over 150 
miles to the ash plantations. This wax is highly valued by the 
natives and since it does not melt until temperatures around 180** 
are reached it makes valuable candles, but its value is such that 
it is usually used merely for outer coatmgs. It is also used for 
coatmg i^lli^ polishing jade, soapstone and delicate furniture, • 
or as a size to give a lustre to doth. Its most extensive use is 
for glossing the high grade papers of native manufacture. A 
somewhat remotely comparable product is obtained from the 
Manna ash {Fraxinus ornvs) of Mediterranean luirope. This is 
the manna of commerce and is not a true wax but a secretion 
whose chief constituent is mannite or manna sugar. It is ob- 
tained In commercial quantities entirely from Sicily and unlike 
the Chinese wax it is not due to the activity of scale insects but 
is obtamed by making incisicms in the bark. It is thus not re- 
lated to the manna of the Scriptures, which was due to the 
punctures of scale insects working on TamariT trees. 

There are upwards of fifty existing species of ash and they are 
widely distributed throughout the temperate regions of Eurasia 
and North America, extending into the Tropics in both the East- 
em (Java) and the Western (C 'uba) Hemispheres. Their gen- 
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eralized limits of distribution together with the known fossil 
occurrence of the ash ore are shown on the accompanying sketch- 
map. The American q>ecie8 number from 18 to 24 according to 
the vuying conceptions of different stiid^ts as to what consti- 
tutes a species* Three of these (Fraxinui breggiif F, cuspidoto 
and F. dipetala) are shrubby foims of the southwest. The tiiree 
important commercial species are the white aj«h (Fraxinus 
americann), the green ash (Fraximis lanceolata) and the black 
ash (Fraxinus iiigra). The lumber trade, howevor, ]ii:iy only 
recognize wliite or dark ash, or more often sunply a-sli, and all or 
some of the other species that are cut go to swell these categories. 

The white ashes, which include the species F. ammoana, F* 
fexeiMis and F, htUmoreana are upland fonns. The green ashes, 
which include a large number of less bnportant species than the 
important Fraxinus lanceolata (namely F. darh'nf/fnnii, F. 
mirhnuTn, F. profurcld, F. berlandieriarui, F. jwunsi/lnntira. F. 
oregona, F. rclniinu, F. tdii/ncj/i . and /"'. corincea), are broadly 
speaking hotfoni land d\v<'ll('rs. The water ashes, Fraxinus 
caroliniuna and F. paucijlora are swamp trees: while the black 
ashes, FraxiMt» gtiaclraiHfuZoto, F. anomaZa and F. mQra are trees 
of what miglit be called unfavorable situations such as dry hilb 
and cold swamps. The shrubby species are chaparral and 
upland foims of the arid southwest. 

The geographical extent of the different existing sp>ecies seems 
to be determined very largeh* b}- the lif!;htness and durability of 
the seeds and tlieir quickness of germination combined with the 
frequency of .seed years, that i.s to say the factors are largely 
those of seed dispersal. In accordance with this dictum it has 
been found that the so-called green ashes are the most aggres- 
sive and widely distributed; the white ashes are but little less so; 
while the water ashes and the black ashes seem to be the least 
fitted for nuuntaining their present range. 

Not all of the trees called by the name of ash are related to the 
true ashes — thus the poison-;tsh of our eastern states is a species 
of sumach (Hhua) ; the Ijittcr asii of the West Indies is a species 
of Simaruba; the Cape Ash of South Africa is a species of Eke- 
bergia; the prickly ash of our eastern states is a Xanthoxylon; 
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and the familiarly cultivated mountain ash of Amrrica and 
Europe are related species of tiic Konus Sorhi/s and belong to the 
Rose family (Rosaceae), in fact none of the^e that T have enu- 
merated belong to the same plant family as the true ash. 

The earliest fossils that have been referred to the ash {Frax- 
inuf) are leaves, whose identity is not conclusive, from what are 
called the Patoot beds of western Greenland. These deposits 
are of late Ui)[)er Cretaceous age and are undwlain in that ' 
region by the older Atane beds which also contain an extensive 
flora with walnuts, figs, magnolias, persimmons, poplars and 
other species of ancestral trees, })u^ no traces of ashes. The 
correctness of the ideutiiication ul the.'se Patoot sjieeies of a.sh is 
really of but blight importance for these deposits are immediately 
overlain by a series of lignitie shales and basalts of early Tertiary 
age and an abundant flora is found associated with the lignite 
in which the leaves of an ash are found. These leaves are ahnost 
certainly those of an ash since they also occur in the Eofxme of 
southea.stem North .America aasociated with characteristic ash 
fruits. The history of Fraxtjuis thus is known to go back at 
least as far as the dawn of the Tertiarj' period, an epoch esti- 
mated to date from at lea«sl three million years ago, to a time 
which antedates the appearance of the ancestral polydactyl 
horses, or for that matt^ any of the lines leading to the higher 
manunalia. 

About a dozen Eocene species of Fraxinus are known. They 
are found from Greenland to Louisiana and from Alaska to 
Oregon, Colorado and Wyoming. Their remains include leaves 
and characteristic fruits, specimens of both of which of this age 
are shown on the accompanying plate. .\11 of these Eocene 
forms that have thus far been discovered are either North 
American or Arctic American - none having been found in the 
abundant Eocene floras of Eurasia. It thoefore sems probable 
that the genus originated at some time during the late Cre- 
taceous on either the North .American mainland or in the region 
immediately to tlie north of it. Very little is known of the 
geologic history of plants in the vast regifin of .\sia. but if the 
ash had originated on the latter continent it should have spread 
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to Europe, where Eocene plant beds are so common, about aa 
quickly a-- it did to North America. This fact and tho largo num- 
ber of American Eocene species fortify the conclusion that the 
early aah was an American product. 

However, the asli a\ as well on its way toward Europe for dur- 
ing the succeeding Oligooene the leaves and fruits are found at a 
lai^ number of localities on that continsnt, from the amber 
* beds on the shorK of the Baltic to the gypsum beds along the 
shores of the Gulf of Lyons. Ten different forms nf Oligoopne 
ash are knoAMi and these are all European, since Asia remains 
unknown and in North America the deposits of Oligocene age 
are largely marine marls or limestones along the continental 
borders or flood plain and channel deposits in the interit>r in which 
fossil plants seem to be rarely found. Two fruits of Oligocene 
ashes from Europe are shown on the aecompanying plate. 

Passing to Miocene times, which succeeded those of the 
Ohgoc^e, we find ^raxintts, like most of the other tree genera, 
to have been widespread, diversified and common, and inrobabiy 
more abimdant than at the present time their geographical 
range waii certainly more extensive thci: tfini^ tki^v Over thirty 
different ashes are known from Alii i rin' deiJoMls. They are 
found in North America in Oregon on the west coast and in 
Virginia on the east coast. A hint at their probable abundance 
at this tune in the Roc^ Mountain r^on is given to us by the 
lake deposits at Florissant, Colorado, where the fortunate preser> 
vation of the sediments of this tiny lake basin furnish an un- 
paralleled picture of the insect and plant life of Miocene times 
in that region. 

No less than seven species of asli have been diseo\ er:Mi in these 
Florissant bctls, thus indicating tliat the ash was iniicli more 
abundant and diversified at that time than would otherwise 
have been suspected from a consideration of the rather infrequent 
Miocene plant beds of other parts of North America. Fraxintts 
is present in all of the more important Miocene plant bearing 
deposits throughout lOurope, and it appears to have been es- 
pecially abundant in late Miocrru* time- al(»ng the sho!t»s of the 
Mediterranean and iu the uplands of central France, southern 
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Fig. 1. 1, Fraxintta richmondenna B«rry from the Mioeeoe of Virgiiua; 2, 
Fra3rinu$ tritcon'ona Berry from the lower ESocene of Tenneewe; 3, Fraiinru Joht^ 

Btrupi Heer from the? upfwr Eocotio of Greenland; 4, Fraxinwt juglanilinn .Saporta 
from tbc Oligoccne of France; 5, Fraxinua ulmi/olia Saporta from the Oligoccne 
fti Fraoc«; 6, Tilia Ualmgreni Heer from the upper Eocene of Spitzbcrgcu; 7, 
TUia'vindobongnria Stur from the upper Mioeeoe of Hungary. 

m 
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Genmanyy and in the various erown-lands of the Austrian mon- 
archy. An ash leaf from the Miocene of Vii^ginia is shown on 
the accompanying plate. 
Ashes seem to have declined in variety <!ii! in<; tho succeeding 

Pliocene times, and the few species that have l)et'n discovered all 
show a near approach in their characters to those of the existing 
species. Thus in Spain, France and Italy fossil leaves are found 
in the Pliocene deposits that are indistinsui^hahle from those 




Fig. 2. Sketch map showing the exintiug and fuAuil iliHtribution of Frariniu. 



of the existing manna ash {Fraxinufi onius) of southern Europe. 
Similarly modern looking ash leaflets are found in the Pliocene 
Citroiicllc fonnation in our (lulf states. 

During th<' succeeding Pleistocene times, marked by conti- 
nental ice slieets, the ashes that hav<' been found fossil are all 
still existing species, and include at least two European and two 
American fcmns. These aU occur either far to the southward 
of the ice sheets, as for example Fraxinua omu8 in Italy, or in 
Interglacial deposits, as for example Fraxintia exeeUior in France 



Digitized by CooqIc 



HISTORY OF THE UNDEN AND ASH 171 

and Gmnany. In this country our white ash, Fraimu* 
mna, is found in the early Pleistocene of western Kentucky and 
the late Pleistocene of Maryland; the ^dating blue ash {FraxinuB 
quadranffulata) of the Mississippi valley was present and pushed 
northward as far as the Hon Valley in Canada during an Intor- 
glaeial period wiien the climate for n time was somewhat warmer 
than it is at the present time in the same latitude. 

THE LINDEN 

The family Tihaceae to which the Linden belongs comprises 
about 35 genera and upwards of 400 existing species. These are 
chiefly tropical, and fJiey are massed in two genial regions — 

one around the Indian Ocean and tlie other in northern South 
America, The number of genera that have known fossil repre- 
sentatives is unfortunately limited to ancestr.al fomis of the 
linden (Trlin), to tlie geiuis (jmn'opsis whicii is ancestral to the 
existing oriental species of (h-fwia, to A jmhopfds which is ances- 
tral to the South American genus Apeiba, and to the South 
American genus Luhea, All of these indicate that in former times 
the geographical distribution of the various members of this 
family was very different from what it is at the present tune. 

Th<" i^enus Tilia, which gives its name to the family, although 
belonginpc to a family that is essentially tropical, is itself confined 
to the North Temperate Zone, oceurrinKon all of the great north- 
ern land masses, but now absent in western North .\merif'a, in 
central Asia, and in the Himalayan region. All of the existing 
species are trees, all have sijiiilar simple alternate leaves with 
free stipules, all have similar flower clusters borne on a large 
leaf-like bract, and the fruits are nut-like, although some of the 
members of the family have capsular fruits. 

The wood is pale in color and soft, but straight grained and 
easily worked. In .Vmcrica it is commonly known as white- 
wood, although the terms l^asswood and linn are also frequently 
applied to it. Pulp mills eousunie large amounts of timber 
annually and the lumber enters very largely into interior finish 
and plauiiig Jiiill products, cheap furniture, turnery and similar 
uses. 
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There are about a score of existing species, about equally 
divided betwem North America, Euroiw and Asia. Apparently 
all of these have very fragrant flowers, rich in nectar, and thus 
the source of large amounts of honey — ^the light colored basswood 

honey of the trade. This utility, especially in the earlier days 
of the race, has made the linden a favorite tree and we find it 
n entioned by Theophrastus, Pliny, Virgil, Aristophanes and 
other early writers. Aside from the compact handsome form 




Fig. 8. Sketeh map sbowing the existiog and fossil distributioo of Titia. 



of the tree and the beauty of its foliage I suspect that the asso- 
ciation with bee Iceeping and the distillation of the oil from the 
flowers for use in perfumery has soinething to do with tlio wid(^ 
spread custom of planting both the American aiid the I'litopcaii 
speries as sliade trees, even though most of humanity is uo 
longer fortunate enough to keep bees. 

The various species of linden in this coun^ ffi by the names 
of linden or basswood, less frequently they are called bee trees 
or linns, although the last name is common in certain southern 
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s ates. Very infrequently are these trees called limes in this 
country although the latter name is perhaps the one most com- 
monly applied to them in Europe, where it ^8 derived apparently 
as an alta:ed form of the old English lind. 

Some of the species grow to a great size, Ray mentioning a 
European tree that was 48 feet in circumference, although this 
seems an unusual sl?^. The famous lime troe that gave the town 
of Neuenstadt in Wiirt tern berg the appellation of " Ne.uenstadt 
an der grossen Linden " was 9 feet in diameter. Many of our 
American streets are lined with linden trees, often the European 
foxm, and most of the larger eastern cities have a Linden Avenue. 
Perhaps the two most famous avenues of lindens, however are 
thoee at Trinity CoUege, Cambridge, and "Unter den Linden'' 
in Berlin. In the more remote regions where wood carving is 
not a lost art linden wood is very largely used for this handi- 
craft, and in backward countries like much nf T^issin tho bast or 
!iinr>r bark of the linden is used in the jnanulacture of cords, 
iish nets and similar articles. Bast mats made of this material 
are a regular article of conmierce and are largely imported from 
Russia. 

The generalised range of the existing species and the known 
fossil occurrences oC the lindens are shown on the accompanying 
sketch map. The number of f ossil ^)ecie8 is inconsiderable 
comprising not more than thirty different forms, which is really 
a small number when one reflects on the countles.s eent'irir-^^ that 
thes(^ treses have been represented in the forests of past geological 
times, and the vast areas that they have range<l ()\ er during those 
ages. As far as is known at the present time none have been 
found in deposits of Cretaceous age and the linden line is there- 
fore less anci«at than that of the majority of our forest trees, 
unless possibly the unknown ecpanse of Asia has Cretaceous 
lindens hidden somewhere in its bosom. 

The oldest known lindens are found in the Eocene, or early 
Tertiary. In the rocks of this age four or five different species 
have been discovered and wliile thi^ number is small the locali- 
ties wiiere they are found point rather umnistakably to the 
region where the linden stock probably originated. None occur 
south of latitude 40^ and two come from north of latitude 60^ 
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One of the lattor was found above 80** north latitude, which is 
as near the North Pole as the remains of any trees have been 
discovered. 

This species, Tilia Mabngreni, a leaf of which is shown on the 
accompaasring plate, was described by He«r and had typical 
broad leaves about the size of those of the existing European 
lime. It has be^ recorded from roeka which are probably late 
Eocene in age in nrinnoll I.aiici, Spitzberpen and Iceland, where 
it is associated witli \ olcanic rocics (basalts) that seem to have 
characterized the earlier Tertiary throughout the North Tem- 
perate and the Arctic regions. 1 1 aff oi ds perhaps the most strik- 
ing illustration of the diffowt climate and floral distribution 
that is disclosed by a review of the ancestors of any of our trees, 
and it is almost impossible for us to picture forests of broad 
leaved temperate trees covering the preseiu perpetually ice clad 
wastes of Grinnell Laud, and flourishing where the winter's night 
lasted for six months. 

A second l^ot eni^ species occurs in the Kenai region of Al ;ska 
and a third on .Sachalen Island oflf the Asiatic coast inuiiediat ly 
north of Japan. A fourth has been found in the early Eocene of 
Montana. This Eocene distribution would seem to indicate 
that the linden stock originated somewhere in the far north, 
but whether actually in the Polar region or in northern North 
America or northern Asia it is impossible to say. The Montana 
species is somewhat older than tlio other known Eocene forms 
and this may mean that it is nearer than the others to the place 
of origin of the genus, or it may be due >i]n])ly to accidents of 
prcservatioii or of discovery since earlier lorms in other areas 
may not have been preserved at all or may still be awaiting 
disco%'ery in the rocks. 

No Oliogocene lindens site known and this must be ascribed 
to tlu' nvisons mentioned at the close of the preceding paragraph 
since in the succeeding Micjcene times llu re was a great display 
of a variety of lindens. They are found at this time fnnn the 
base to the top of fh'» Miocene deposit^ «it Ihiiope, where [)lant 
bods of this age are niueh more abundant than they are in either 
North .\merica or Asia. .Vt least louriwn dilTcrcnl Miocene 
species are known and their remains include several of the char- 
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acteristic and curiously bracteate fruits as well as a variety of 
leaves. The lindens are espeeially abundant and varied in the 
late Miocene of southern Europe along the shores of the expand- 
ing Mediterranean .sea of that time, and in the Pyrenees, the 
foothills of the Apennines and in the mountains of Transylvania, 
Stym and Babmia. The fruit of one of theae late Miocene 
species found near Vienna in Austria and named TiUa vindo- 
honensis from the old Roman name of Vienna is shown on the 
accompanying plate. 

The Miocene records in North America are scanty but the 
genus was still represented in the Rocky Mountain rep;ion hav- 
ing been found in dcposiits of this age in the Yellowstone I'ark and 
in the lake basin at Florissant, Colorado, both of which locali- 
ties are now separated by several hundreds of miles of treeless 
plains country from the westernmost outposts of the existing 
qiecies in the river valleys of eastern Kansas and Nebraska. 

The known Pliocene lindens, owing to the rarity of plant beds 
of this age in North America, are confined to Eurasia, although 
the genus was undoubtedly present in North America dui inji; tlie 
Pliocene since it is found in tlie deposits of the immediately 
preceding and succeeding times. There are four Pliocene forms 
recorded from Europe where they are found in variety and 
abundance in the Auvcrgne region of France, and in northern 
Italy. 

Although the Pleistocene records of the lind«i are not numerous 

nevertheless lindens are found in deposits of tliis age in both 
Korth America and Europe. Fruits of two different forms occur 
in Interglacial beds in Germany and Tih'a wood is recorded 
from the lower Pleistocene of iioUaud. Tlic leaves of the still 
existing basswood, whicli is the most wide ranging of our Ameri- 
can lindens have been found in the Interglacial l)eds of the Don 
Valley near Twonto, and another fonn, or perhaps the same < 
species under another name is found in the late Pleistocene tor- 
race deposits of the Delaware River in southern New Jers^. 

Undoubtedly other of the existing species were already in existr 
ence and it would not be at all surprising if the southern bass- 
wood were discovered in the similar hver terraces of our southern 
states. 
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T£JV1P£RATURES OF SMALL FHUITS WHEN PICKED 

NEIL £. STEVENS akd R. B. WILCOX 
Bunau 4tf Ftant Induriry, U, S. Department of AgrievUure 

It has been known for over a century p. 538} that certain 
plant parts jnay reach a temperature markedly above that of 
the air. Accurate observations on this temp^ature relation 
liave been made by several investigators.^ There seems to be 
no recoid in available litmnture, however, of the easily observed 
fact that many small fruits attain on clear days, largely through 
insolation, a temperature much liigher than that of tho air. 
This condition was first noted in cranberries ( Vaccinium macro- 
carpon Ait.^ (inring the fall of 1916. As opportunity offered in 
connection with other work during the summer of 1917, the 
. writers have made observations on the temperature of various 
small fruits in relation to air temperature at picking time. The 
data thus accumulated are thougiht to be of some botanical 
interest. They are of particular significance, also, in relation to 
the decay of these fruits in transit and on the market. This 
relation does not seem to have been applieil gpnprally to horti- 
cultural pr.trtirp; liowevor, the fact that small fruits, notably 
strawberries, keep better if picked when cold tlian if picked 
later in the day, when warm, has been demonstrated by the 
writers (10).» 

■ The Htudies of Ehiers on leaves of Pinut may be cited bm a recent example of 
this type of work. His paper (3) gives a review of the more important pttbtica- 
tioDs OQ the Hubject, with apeeial reference to those dealing with leaf tempera* 
ture. Some of the more general papers are mentioned by Pfeffer (T, vol. 3, p. 
. 37&-381). No attempt at a complete bibliography is made in the present paper. 

* The nomenclat ure ueed is in general that of Gray's Manual of Botany, 
Seventh Edition, 1908. 

•Powell (Powell, C. Harold, Bur. PI. Ind. Bui. no. 40. 1903) calls attention 
to the faet that peaehes picked and loaded into cars during the middle oi the day 
are warmer, and carry to market less well, than tluxc piokril i nrly in the morn- 
ing. He docs not note, however, that in the middie of the day the fruit is actu- 
ally warmer than the air. 

176 
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METHODS 

The method of making temperature observations was as 
follows: The fruit was picked in the usual mamier into the 
standard oontamer used for the sale of the fruit, generally a 

quart basket, and the tempwature ascertained by thrusting 
the bulb of a chemical thermometer into the mass of fruit near 
the center of the }>asket. The temperature thus obtained was 
of course not the temperature of the berries themselves, but of 
the outside surface of the berries and the air among the berries. 
In other words it was approximately the average tejiiperaturo 
of the mass of berries and air which goes into the crate whw it 
is packed. Air temperature was recorded from a thennoroflfter 
kept in the shade near by. 

More accurate data would, of course, have been obtained by 
more elaborate methods, but that chosen could be used with 
convenience in practically the same way on a variety of fruits. 

RESULTS OF OBSERVATION 

The results ( f the oliservations mad(^ by this inothod are 
given in table 1. The data are arranged in the order in which 
they were taken, vv}iieh is approx in lately that in wliich tlie 
fruits lipcn, though this is modihed somewhat by the fact that 
observations were made in widely separated localities. In some 
cases information of interest was obtained which it is not practi- 
cable to include in the table. This is given in the text in the 
same order. 

STRAWBERRIES 

During the work <>n strawberries (Fnujarin sf).) iiuinrrous 
observatif ns were made on the temperatures inside the berries. 
The temperature was determined by thrusting the bulb of a 
small theimometer into the tissues of the berry so that the bulb 
was completely covered. This method of determining tempera* 
ture is open to the criticism that the berries were wounded and 
wounding has been demonstrated by Richards (8) and others to 
cause an increase in the activity of respiration and also in the 
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jHKiduction of heat in oortain plant parts. In the investigflt^ions 
of Richards, however, the •increases in tonperature due to 
wounding were relatively amim, ie., to 1.2^C. ((8), p. 

38-40). It is, then, hardly conoeavable that any l.usf* part 
of the difference in temperature was due to the so-called "wound 
stimulus." In any case the relations between the berries in 
different lt)cations and at different times of day, as well as that 
between green and ripe fruit, are significant. 

Table 2, giving the observations at Hammond, Louisiana, 
April 23, 1917, shows the, relation of the tonperature of the 
inside of the strawberry to that of the air just outside of and 



TABLK 2 

Temperatures of strawberries in degrees CetUigradt 









TBHPSBATiriiB IMSIDB OP 




AIR 


TKMPKRATrRE 


BBKHtm 


ratm 


TBMrlKATDttli: 


OK BBRBIBK 
IN TUB BOX 












Id shmdo 


Itl fill) 




16.0 


16.0 


13.0 


17.0 




23.5 


23 o 


23 0 


33 0 


10.00 a.m... 


25.0 


29.5 


29.0 


38-42.0 




26.0 


31.0 


30.0 


36.5 


2.00 p.iD 


29 0 


.35.0 


34 5 


39-43 5 




30.5 


32.3 








19.0 




21.0 





betweoL the berries in the box, and these data have been sub- 
stantiated by other observations elsewhere. 

The temperature of individual berries in the sun varies widely 
with the exposure of the berries. The temperatures given in 
table 2 are for ripo borrios, but green berries show(Ml similar 
variation. For cxaiiipK', green berrios in the same fu^ldshowed 
at 2 ]).in. on the same day, a t(>iup(M-aturc uf in the sluide 

and temperature ranging from 39 C. to 45^C. in the sun.' 

*In mnnrrtinn ■with ftio«f note? nn the tctnperature of strawtierry fruit-^ llie 
ob«iurv:itiotiH itf tfecley ua ihtj ttiuperul ure of Mtrawbcrrj* leav«!ii sJioulil be iiutcti. 
(Beolcy, IJ, A. The relation botwocn temperature and crops. Nineteenth He- 
port Miclii^iiti .\r;i<i(Tny of Srionce, 167-lW, 1917 ' SiiiriiiKirizinj; tt',c resulta 
of 304 simultaneous observutioua of strawberry leaf and air temperature 
made at midday itr 1015 and 1010 at Eaet Lanaing. Miehigan, ho says, 
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CURRANTS AND GOOSEBERRIES 

In !)nth currants and goosehorrios sjjp.) it wus <)!>- 

servini tiiat the temperature of the fruitts on the bushes was not 
nearly so high as was reB«died by the same fruits when spread 
out in the sun oh a paper. 

Currants jamked from bushes in almost c<nnplete shade at 
Milton, N. Y., on July 13, 1917, at 9 a.m. were found to have a 
temperature of 28.5°C\, while those picked from bushes in full 
sunlight had a toniperature of 29.5°C'. After exposure to the 
sun fi»r two hours on a paper, both lots showed a temperature 
of 38C, whereas benies fr(«lily gathered from bui^hets in full 
simlight had a temperature of 31.5°C. Green gooseberries 
exposed to direct sunlight for two hours at Arlington Experi< 
ment Fann, Virginia, reached a temperature of 34''C., while 
those freshly picked had a tmperature of 23.5^C. Air tentpera- 
ture was 20°C. The diflferenee was apparently largely due to 
the f.u t that the berries on the buslics woro somewhat slutdc!. 
In addition, those exposed to the .*^uu were plarcn:! near the 
ground where air currents were slower and loss of heat by con- 
vection was probably thus reducetl. 

RASPBERRIES 

Tlie data on raspberries {Rubu.H .sp.) are so fragmentary that 
they are not worth tabulating. They tlo, however, indicate 
that the same relation holds for these as for the other small 
fruits. Observations on black raspberries (Rubua sp.) and 
yellow raspberries (Ridnw sp.) were made at Vienna, Vu-glnia, 
July 20, 1917. The day was jjartly cloudy and is recorde<l by 
the Weather Bureau as giving 41% .sunshine at Washing- 
ton, the nearest Weather Bureau station, iibout 10 miles distant. 

The temperature of a box of black raspberries picked at 1 

(p. 193) " In round numbera the aveniRe difference between the plant and air 
tomprraturi' in full sinu<hin<' was 15^ 1'.; in pirtial siinliglit, due to thin cIduiIh 
or intermittent cioudinoas, it wa« 10'' F. autl leaa than 1" F. when the slty was 
thickly overeaatt ao that the iun'a dialc waa invisible." One inatanee ia dCed 
in wbieh the leaf tianperature waa 39* P. above that of the air. 
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p.m. was 32^C.y and of a box of yellow ra^spbcrries picked at 
the same time on adjacent bushes of somewhat more luxurious 
growth was 31*^0. The air temperature at this tame was 27^C. 

CRANilEKRIES 

Ohsorvatinns on rrnnbprries wore made by cue of (hr writers 
while wurkiiip in cooperation with Dr. 11. J. Frankhn, Siipcrin- 
tenclent of tiic Ma>sacliu.s€tts Cranberry Station at East Ware- 
ham, and wen^ pubUshed by Dr. Franklin in his Annual Report 
for 191C (5). These data first called attention to the fact that 
the temperature of harries when piclced is frequently above 
that of the air, and were the starting point of the obsorations 
presented in the present paper. 

RELATION OF TEMPER.\TURE TO SUNSHINE 

Tho frets iiu Ileal e that the higher temperature of the fruits is 
largely due to the absorption of radiant energy. In general the 
diffeK'Ute between the teuiperature of the berries and that of 
tlie surrouuiiing au was greatest when the sun w;is highest, less 
in the forenoon and afternoon, and practically sero at ni^t and 
on cloudy days (see table 1). Exceptions occurred in those 
cases when the temperature of the air dropped rtfpidly and that 
of the fruit had not yet adjusted itself. No constant difference 
between the temperature of the berries and that of the surround- 
ing air. at n\0\i or on cloudy days, was asrertainablc by tlio 
in< tlio(is us<Hi.^ Tiie teinjicrature of berries borne in the .<liade 
was much lower when picked than was that of similar berries 
exposed to the sun. Currants "and gooseberries which had been 
exposed to the direct rays of the sim for some time acquired a 
hi^er temperature than those which were on the bushes in 
partial shade. 

'This does not inesn that berries when not exposed to the «im are aiirftys at ex- 
actly Hi.' > itiic teiniKTaturc a^^ tlir :iir. Tlu'ir k-mpri ;it inr- innluiihtcdly .xome* 
whttt utfectfd by respiration and the temperature of the berruM ordinarily lag4 
«oroewhat as that of the air changes. Especially in the morniuf , when the air is 
bt'comiiip i :iiii<ll\ w itiii. r, tli is ofton a period when the berrio.s are markeilly 
below air lemperuturc, :Mjmetiiuea 4 to o degrees C. Thiit period is luugeiit on 
mornings wlien the berries are wot with dew. 



Digitized by Google 



182 



N. E. STEVENS AND R. B. WILCOX 



Tho ]iossibility should not be ignored that a small part of the 
observed rise in toinporature may he due to hont arising from 
respiration and tliat tiiis heat iikiv increase witli rise in air 
temperature ( (7), p. 367). The ajuouut of heat developed by the 
respiration of ripe fruits was, however, found by Dutrochet 
( (2), p. 82), who worked with pears {Pyrw c/ommwiM L.) plums 
{Prunui sp.), peaches {PnmuB persiea L. Stokes) and Rtbet 
Uvorcnspa, to be sufficient to raise their temperature only 
from 0.06*0. to O-OS^C. Rodewald ( (9), pp. 296 and 342), 
working with ripe apples, found that tho amount of heat arising 
from respiration was sliglif conii)ared witli that iH'Co.^sary to pro- 
duce such differences in temperature as those cited in the present 
paper. 

On the other hand rise of temperature due to insolation has 
been observed m some other plants to be much greater than 
that reported by the writers even in the strawbeny. Askenasy 
( (1), p. 441) observed that the temperature of the leaves of 

Sempervwurn exposed to th(' ?un may attain temperatures of 
43.7°r. to 41.2T\ when tlio t(Mnporature of the air is only :n°C., 
while l]wart {4) records temperatures of to 30*^C. in the 

leaves of several tropical plants. 

COLOR OF FRUIT IN RELATION TO TEMPERATURE 

So far as the present observations extend, the color of the 
fruit docs not st>rjii to Tuaterially afToct tho temperature reached 
at a given time. No eonstaJit dilTcn'iuH' could be lutted between 
red {i.e., ripe) strawberries and , green or white (unripe) ones 
of the same variety in the same field. No difference could 
be found between red and white cuiranto. Al&ough repeated 
tests were made comparing the temperature of red (ripe) cran- 
berries of the Early Black variety with that of green or white 
(unripe) cranberries of the Late Howe ariety gathered at the 
same tune, no constant difference could be observed. 

Although it is prnhahly true that fruits of certain colors absorb 
more hejit than otiu rs, the loss of heat is so rapid that tlie excess 
of heat absorbed over that lost is possibly about the same in all. 
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That fruits of all colors absorb considerable amounts of radiant 

enorpy is highly probable if we aecept Pfeflfer's ( (7), p. 330) 
estimate that ^rcn^u and other colored leaves may absorb from 
50% to 90% of the sun's rays falling upon them. 

SUMMARY 

Observations on a variety of small fruits fshow that on clear 
days they usually have a temperature considerably above that 
of the air. 

This rise in temperature seenois to be mostly due to the absorp- 
tion of radiant energy from the sun; no such difference was 
found at night or on cloudy days, and behies in the shade are 
uniformly cooler than those in the sun. 

No constant diflforence in the temperatures of fruits of the 
same variety but of different colors has been demonstrated. 
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BOOKS AND CURRENT LITERATURE 

Vegetation or Nouthehn Bombay— An interesting account of 
the idant associations of an area in the northern part of the Bombay 
Presidency, India, has been contributed by Saxton and Sed|swidc.> 
Since western India has been hitherto ecologically quite unknown an 
extcndcfl review seems justified. The ciri^riiml piiper 18 not readily 
accrssil)le aiul would fasily escape notii i^ of ecologists. 

The an^a reported on is roughly bounded on the west by a line con- 
necting KharaKhoda, located on an arm of the Arabian Sea, with 
Ahmedahad, 55 miles inland to the southeast. From this line a strip 
extending 70 miles to the east was studic<l. The northern boundaiy 
of the di.strict is 5 miles north of the Tropic of Cancer. 

The soil i^ chietly sand iu the western part, without rocks. Rivers 
and sbeams have cut SO to 100 feet below the general level of the 
plateau. Farther east there are stony hills but the authors did not 
study these fully. Limited areas in sandy districts consist of (a) 
uplniid himms soil, fh) salt-marsh encrusted lonm. fr) clay. There 
arc luiincrous " waU'r-hoies," Inrtre and small, especially in the upland 
humus areas and in the day. Artilieial irrigation is practiced in much 
of the territory. 

The climate is severe. It is characterised by intense heat, and a 
low annual rainfall. Precipitation comes almost entirely during the 
southwest mons'onri of June, July aiid August, At that time the soil 
is thoroughly soaked and soggy and humitlity is high. During the long 
rainless period the soil and air become progRssively drier. The aver- 
age rainfall for the entire distriet is about 30 inches, but at Kharaghoda 
it is only 24 inches. The highest maximum temperature r<>eord<'d is 
120° F. at Ahntedabad. which i.*? eonsidorably lower than in the Punjab, 
but because of the very wann winters the mean annual temperature 
is one of the highest in India. Frost occurs about once in tcti years- 

The authors state that fully 95 per cent of the vegetation is to be 
clas.'^ed as p.silophytic (savanna) or psainmophytic (of »ind and gravel). 
"W'arming's description exactly applies to those parts of the Indian 

•Saxinii. \V. T., jiikI ScclRwick. L. J. Plants of Northern Gujsret. Records 
of tbe Botanical Survey of Ind'a 8: 203-323. 191$. 
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plains which axe untouefaed by the northeast monsoon or the winter 

etomis. . . . Accepting savanna as the type of our forinations we 
find the following transitions (types) which result solely from edaphio 
causes." 

1. Xerophytic Woodland deveiopB on hiUndes in the northeaatem 
part of the area. It is a fairly close growth of deddiMms trees in which 
the charaeteristic species is Termirudia tomentosa (Conihrcfaccir) with 
which are associated BomreUia ^errntn fRurscracpje), Fhyllantliiis nn- 
bhcn (KujjliorbiMceJp), liassia laltjolia (Sapotiicca'), Aegle VKininlnfi 
(Hutaceaj) and Teclona yrandis (Verbenacese), the teak. In more 
level places with deeper so9 the forest gives way to a grass association 
with interspersed trees of Terminalia, Basaa, etc. 

2. Savanna Woodland is fmind on roiky soil. It is a mnro open 
growth tlian tho asf«ociation just considered. The Hainc trees occur, 
together with various others, such as species of StercuUa, Dtospiros 
and Anogeisans (Combretaceft). Tliere aie a number of dmibs but 
none abundant except SdieUret iwta (Stereuliacea) 

Hlorn Savanna is a highly xerophytic association on gravel and 
on compacted sancl where water does not c;isily penetrate. The char- 
acteristic plantii arc thorny 8hnil)s and small, thorny trees. The 
authors characterize it as a "highly aggressive" community. Species 
of Ziz^v» (Rhamnaoes) dominate large stretches of country. Aban- 
doned fields often grow up to thorn savanna in which Ca^piparu aj^,ytta 
i.s ihv chief sixcies, or to an a&sociation ol'Zizyphus rotumlifolia. Cassia 
auriculnla and Crdotropis procera (Asclcpiadacc.T). C'onimon linnn? of 
the thorn savanna are Asparagus racimikia, Leptadenia reticulata 
(Aad^iadacen) and Coeadus viUom (Menispcrmacea;). Undergrowth 
is composed <rf low herbage, especially Lepidagadiu trinervis (Acan- 
thaccje) and Convolvulus pluricaulis. Grasses belong to the genera 
Arislida, Androjxxjon . Tragus, Gracilea, Ch!on'.-<, etc. The first two 
are of tuft forux (cf. "bunch grasses" of our western plains). 

4. Butea Savanna develops on sand that has considerable humus. 
It is dominated by a small tree, BtUiea fronehaa (Legumiiioss), with 
occasional scattered individuals of such large trees as liassia latifolia 
and Bombnx mnlnharintm . Co-nftiori undcrshrubs are Cassia aiiricu- 
luta and Tnumfctta rolunHifolm ( I iliacere). (brasses are the pnme as 
in other savannas. The authors nnnark that the association demands 
further ecological study. While they do not say so it may be ju<lged 
that the Butea Savanna, in its various modificatkms, represents the 
climatic climax plant community. A modified type of the assodation 
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is represented on fiay outcrops where the BtOea continues to dominate 

hut nil large troes are absent; Mimosaccous shrubs and clinibers are 
abundant. Open arras of grassland, locally known as "hirs." are 
common throughout the district studied with the grasses already 
named and in addition Ischcenimn rugosmn, Iscilema wightii and others. 
AnOtistria etitala, one of these, is probably the best fodder in India. 
The authors state that fire is of rare occurrence; hence it would seem 
(to (lie rcvifwcr) fhnt these open stretches are not to he areminted 
for i)y iuv ;is are, foi- example, the pataiuis of Ceylon but are to be 
thougiit oi as natural open savanna. Indeed the authors state that 
"thene grasslands are nowhere tredess." 

6,' Sand Savanna is particularly difficult to study because the area 
where it Is present hjis been densely populated for a very long period. 
It is often quite uncertain how far trees are planted and how far they 
are a part of the natural vegetation. The authors give extensive 
lists of trees, shrubs and herbs for the savanna on sandy soil, the ma> 
jority of which occur also in other lypes of savanna. Nearly all of the 
plants are inactive during the dry season except wlu n under the influ- 
ence of artifieial irriKiition. A'? the climate of the sjuuly area is drier 
than elaewherc the conditions for j)lant life are especially severe and well- 
marked xerophytiisu is the rule. 

6. Sand Associations of Herbs and Low Shrubs (FSanunophytes) 
develop on dunes and on hills of soft sand (what we in Amoica would 
call "sand hills") and also on upi^r river terraces. Dunes and sand 
hills arc "dominated either by f>nccharum munja or by Crotalaria 
burhui and associated with these are Cyperm mvem, C. areTuirius, C. 
conglomerabu, and many other members of the sand savanna." On 
hii^er river terraoes "the usual associatimi is Aoaeta jaeguemonHi, 
Leptadcnia spartium and Casitia auriculata." The authors suggest 
that the psammophytic associations "may vilh further study have 
to he auial}?!unate4 with sand savanna" but it appears (to the reviewer) 
thai they form an cdaphic climax likely to persist indefinitely as, for 
example, the pine barrens of New Jersey. 

Hydrophytes and Helophytes of the district are confined to watei^ 
holes, reservoirs and rivers. Among the former the most abundant 
plant.'t are Ni/mp' (m lotm, Ipomtrn n piniica. Ili/driUn verticillata, 
VcUli.'itierui spiralis, Zannichelha palustns and Fotamoget&n pedinaltts 
together with species of AtaUa, CharOf Nitdla sxtd smaller algae. 
Swamp plants are r^resented by a numbw oi wdl-marked associar 
tions surrounding permanent and temporary bodies of water. T^pha 
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angusttUa dominates one awoctation, Andrapogon Mgitarrwm am^ker; 
while still other associations arc those of Cyperm kmngatus, Herpestis 
monviera. Sporohiihis [rnmtlii.-i. FAeocharis plantiganea. A 'Mried mud 
lonnation" exist^i around waU>r-holc« where there is mucti tramping 
of cattle and wallowing of buffaloes. The plants arc mostly pros- 
trate with long tap roots, and include species of PoLyffonuM, MoUugo, 
Coldenia (BongiDacee), fupAorfrta, Gnaj^aUumt HeUotropium and 

Trujorulla. 

Halophytic Apsnciations, the authors atate, have been only inade- 
quately studied. There is a sort of halophytic savanna near the coast 
in which the most prominent shrubs are Indigo/era pauci flora, an 
Acadia^ and Swda ta^iifiara. Grasses fill in the intenqiaces. Areas of 
halophytic s(>mi-dcscrt occur inland near Prantij where, during the 
dr>' period there i?^ lit»l(> to he seen hut a white efflorescence on the 
soil. During the monsoon and early autumn a \v( ak growth develops 
of Sporobolus orientalis, Chloris viUosa, Ekxisine aeyyptica, Diplachne 
fu$ea and FimbrgstUis tpalhaeea. 

Lithophytes are represented by an association on the city walls of 
Ahniodahad ooiaprising Lindhiriji-n urtiarfolia (Scrophulariaceip), Lin- 
arin mnio.shssitna, and the following frrasscs: Erngrnfiti<f tetiella, Ar- 
thaxoii microp ,ylluH, Arislida adsemcwnis, and Andropoyon contorlus. 
' Mesophytie Assoeiations are met with only in irrigated atuations 
and are chiefly "weeds of cultivation" and "hedge plants." There 
are two distinct floras, one developing in the period of the monsoon, the 
other in winter. This latter has a numhi r of species familiar to bot- 
anists of temperate regions: CiienopO(Uum album, Asphodelu^ temn- 
Jolius, Gymndropsis perdaphyUa, MelUotm indica, Datura falsuosa, 
Argemone «n«ei6aiMi, An^gtUUs arvensit, FoenieiUtm vulgare, Saponaria 
vacmria, Convdvulus arven-ns. 

The total number of .sj)oii('s atul varieties of flowering plants recog- 
nized in the area is (514. The paucity of species is, of course, an ex- 
pression of the unfavorable climatic and edapluc conditions. Gra.sses 
and sedges comprise about one^ourth of the total flora, being rcpre> 
sented by 103 and 45 species respectivdy. It is interesting to note 
that of the sedges the largest genus is Cypenu with 20 species while 
Carer in entirely absent. Pnnintm, Erayrosiis and A7^dropogon are 
the large genera of grasses; i'oa is unrepresented. Among dicotyle- 
dons the brge families with the number of species in each are as follows: 
L^uminosK (83), Convolvulaces) (2i), Compostts (23), Euphorbia 
acee (23), Acanthacese (21), Malvaceee (20), Scrophulariacen (13), 
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Amnrantnc(>?[' fl3), IJliAoete (13), CucurbitaoefiB (11), Labiate (11), 
Asclepiadaceie (10). 

It is somewhat disappoinliMg that tlie authors have given us uo 
half-tone illustroiionB of the vegetation. Botaniata familiar with eaat> 
era Java or norther Ceylon will, however, bo able to picture to them- 
selves something uf ihv appearance of the plant aasociationa deacribed. 
— Francis Ramai»£Y. 
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A rectmtly issued Farmer'B Bulletin of the Department of Agricul- 
ture (No. 962) gives an »t^ded account of the velvet bean, which has 

rapidly sprung into a place of prcat importance as a forage plant in the 
Otilf states. It is similar to the runninj^; varieties of cow peas but of 
coarser habit, and the several cultivated strains are derived from 
Mveuna utUiSf while the conunon name alludes to the extremely hairy 
pod. After fifteen years of limited cultivation in Florida it is now 
grown extensively in Alabama, Georgia and Mississippi and to some 
extent in the :ul>:i<ent states, the extension of its cnlliviitiou 1»eing due 
to the developnient of early-ripening strains. 'I'iie crop of 1916 was 
four times as great as that of 1915, and in 1917 the total crop was 
again quadrupled, amounting to about five million acres. The yield 
ranges from two to four ttms per acre, or more, mul the vines and beans 
are mixt cl with corn stalks to form an ensilage which has proved to 1x5 
so valuable as to serve as a great stimulus tn stork prowinp; in the 
3outbeasteru states. In addition to the publication mentioned there 
» further information on the vdvet bean, particularly on its feeding 
value, in Bulletins 104, 192 and 198 of the Alabama ExperimeDt Station. 

The seventeenth vohnne of tlie Mrmnirsnf the Torrey Botanical Club 
is devoted to the papers tlutt were prcKsjiled at the Senii-( cntennial 
Anniversar>' of the Club on October 18, 19 and 20, 1917. An historical 
sketch of the Qub and the reminiscences of several of its Iong<«tanding 
members open the volume, followed by twenty-seven si icntific papers. 
Among the longer papers may l)e mentioned: The Trimorphism and 
Insect Visitoi-s of Pontederia, by Tracj' E. Hazen; Statistical S^tndies 
in Cidiormm, by A. B. Stout and Hcleue M. Boas; the Osmotic Con- 
centration of Tissue Fluids of Desert Loraathaceae, by J. Arthur 
Harris; Hie Vegetation of the Hempstead Plains, by Roland M. Har- 
per; The I'redinalrs of Cuba, by J. C. Arthi:r and J. R. Johnston; and 
The Fvohitinn of Cell Types and Contact Pressure Responses in 
Pediaslrum, by It. A. Hai'per. 

Prdessor C. Conzatti has published an illustrated paper on the vege- 
tation and flora of the southern coast of Oaxaca, in the Boletin de la 
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Dircccidii (ic Kstudiofj Biologicot^, of the City of Mrxicu. A brief 
sketch of the plutii life in given m the form of an iluierary of the author's 
journey from the mountains of the interior to the coast, through a 
nffon whidi is botaniealiy little known. A list is given of the locali* 
ties visited and the plants collected. 
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NOTES ON DUNE VEGETATION AT SAN FRANCISCO, 

CALIFOKNIA 

FRANCIS RAMALEY 
Univertilg of Colorado, Beuider, Colorado 

The dunes' here considered extend south from Golden Gate 
Park* about 5 km. and inward from the ocean 2 to 4 km. An 
auUnnobile highway paraUels the ocean shore at the west but 
bas had no influence upon the dunes or their vegetation* 
vailing winds are west-south-west; winds from other directions 
seem to be of no consequence. 

Conditions for plant life ;it San Francisco arc severe. As is 
woll known, the cHmato exhibits a rainy &m\ :\ drv season, the 
rains being conhneii to winter and early spring. 1 iie rest of 
the year is without precipitation. Soils dry out, and oidy 
xerophytic plants are to be found most of the year except in 
ravines, on north slopes or in other favored places. The plants 
of dunes and sand bills are, of course, subject to this unfavorable 
climate, also to austere soil conditions. The simd of the dunes 
is light and even in very moderate winds is continually beuog 
blown along and can be seen rising 1 to 2 dm. at almost any 
time.' 

The severity of conditions is sliown by the large areas, often 
500 meters square, with no vegetation whatever. Then there 
are still more extensive tracts with only occasional mounds 

' The writer became acquainted with these dunes while giving courses in the 
summer mbuod of tbe UoivQrsity of CalUoniia, June-August, 1917. At tiie cIom 
of (lie seflflion a number of dayi were spent at San Fhrneboo in e<nitinuou8 field 

litudy. 

■ Visitors to Baa Francisco can reach tbe dunes by street car, taking line 
7, 13 or 17 from the Feny Building at the foot of Market Street, riding to near 

tbe end of the line. 

* .\ chemical analysis of the dune sand at Ban Francisco ia given by Olsson- 
SefTcr in his article on Relation of soil and vegetation on sandy set shores, Bot. 
Gas. 47: 85-128. 1900. 
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crowned with plants. In low places, especially in the shelter of 

high dunes, a fairly close plant community may occur, but else- 
where there is always much hare pTOund. 

Such printed information^ us is availablo suggests that dunes 
elsowhrre alonp; tho Pacific Coast of tlio United Stales hear a 
certain, often remote, resemlilance in their vegetation to the 
dunes at San Francisco. No extensive lists of plants have been 
published, however, nor have the pioneers and latw comers 
been cleaiiy distin^^ushed. The species Represented at San 
Francisco, and to a large extent the genera, are different from 
those of tlie T^e Micfaig^* dunes or the dunes of Denmark* 
and other European coasts. 

TYPICAL DUNK VIXJKTATION 

The pioneer plants are chiefly the sand verbena (Ahronia 
ladfnUa) and a h)\v, spreading. Ambrosia-like herb, Fran.scna 
charuisscmis. Other plants are, ho\ve\'er, responsible at times 
for holding down mounds of greater or less size, as the sand 
strawberry {Fragaria cfttlenms), dune tansy {Tanac^um eam^ 
phoratum^f sand primrose (Oenothera cheirafUktfoUa), the wild 
cucumber {EchinocysUs fahaeea), and, close to the ocean, the ice 
plant (Meaembryan^emum nrquilaterale). 

Marram gjnas (Ammophila arenaria) was introduced about 
forty years ago and has been extensively planted since. In a 
few places, close to the beach, it has become well established 
but over the greater part of the dunes here described not a 

<Cro<irIi. Edwiird B., NotM On tlM ecology of «Mid-diwe plaata. FUiA 
World, 17: 2U4-208. 1914. 

Davy, Jae^»li Burtt, Stoek rangm of northwestern California. Bureau of 

Plant Industry. liiil! 12. IW2. 

House, U. D., The aand duuea of Ck>os Bay, Oregon. Plant World, 17: 238- 
243. 1914. 

Ki'llnge. F. B., Sand-dune reclamation nf the coast of nortlicrn California 
and aouthcra Oregon. Proc. Soc. American Foresters, No. 1, 41-01. 1915. 
Oliiflon'deff'er, Pehr, op. eit. 

' r'owles, H. (j., Ecological relations of tlir vegetation of the snm! dunOS of 
Lake Michigan, tiot. Gas. 27: dd-117, lli7-202, 281^308, 361^1. 1S99. 

• Warming, Eng., jOeoology of Plant* (En^iah Edition, Oxford), 205-272. 
1«N». 



Digrtized by Google 



DUNE VEGETATION AT SAN FRANCISCO 193 

culm of it is to be seen, A number of "town lots" have been 
carefully planted to marram grass but without brilliant results.^ 
WTien one of the pioneer plants such as Franseria or Abronia 
is well started, other species come in and occupy some of the 
ground thus held in place. The second comers are chiefly those 
already named as occasional pioneers. Later arri\'als are the 
yarrow, pearly everlasting, painted cup, false dandelion, lupines, 




Fig. 1. 8truwberry (dark) and Franseria (light) on a loXf mound of the dune 
aria. 

Baccharis, Ericameria, California poppy, Eriogonum, Eriophyl- 
lum, Artemisia, Polygonum paronychia and others (see .systematic 
list). 

Shr^^bby Plants 

Shrubby plants of the dunes are all low. Even willows do 
not become tall except in depressions. A few of those are as 

^ Marram grass has served most successfully to hold the sand in various places 
about San Francisco. Indeed a large part of Golden Gate Park is a reclaimed 
dune area. But continued care over a number of years is necessary for establish- 
ment of a good stand. 
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much as 4 meters in height but most are only 1 or 2 meters. 
The yellow lupine (Lupinus arboreus) is a meter or more tall in 
protected places, but on exposed dunes it is often only 2 to 4 dm. 
Other shrubs of importance, mostly low-growing, are Lupinus 
chamissonis, a blue-flowered species with silvery foliage, Rham- 
nus, calif ornica, with dark-green entire leaves, Baccharis pilula- 
ris, a small-leaved composite often important as a constituent 



Fig. 2. General dune landflcapp. The vcuptation in the protected area of ^le 
foreground is soon to be destroyed by the advancing dunes. 

of chaparral on mountain sides, and Ericameria ericoides, a 
heath-like composite. Two undershrubs are Eriophyllmn and 
Artemisia. 



In low places where vegetation is well established willow 
dominates and ^v^th it occur, in addition to plants already 
named, Juncus, Eleocharis, Scrophularia, Cirsium and Mimulus. 
One or more xerophytic mosses may be found on north slopes. 
They are, however, of slight ecological significance. Weeds 




Plants of Low Places 
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occur sparingly in low areas well covered with vegotation and 
adjiUM'iit to tra\elwl thoroughfares. Species of the following - 
genera wore noted: Bromiis, FeMtica, Chcetochloa, Plantayo, Lac- 
tuca, Erigeron, Sohnum. The greater extent of the dunes is, 
however, without foreign plants of any kind. 

Annvah 

Very few annual plants were to be seen at the time of this- 
study (July-August, 1917) since such as occur in the area com- 
plete their growth during the spring. The following native 
annuals were, howevor, noted: EpUobitm mnu^ttm, EpiUobium 

paniculatum, ChoHzanthc pnngens, Plantngn pntagorticn call- 
fomica. Besides tliese native plants a numhfT of the weeds 
mentioned above are annuals, but as already suggested they are 
of little importance and are almost entirely confined to low 
ground with a well-established plant cover or else occur in the 
vicinity of dweUings or along roads. 

Plants of Shdiered Places 

Some plants are locally frequent, or even abundant, in shel- 
tered stations, though the soil is not espedaUy moist, vis.: 
Erioffonvm, Pentacana, Cirsium, Eschschollzia, ETiophijllum, 
PciyifOfium, CastiUeia, In the sheltered nooks, just as in places 
of moderate exposure, the more abundant plants are >-;)rrow, 
pearly everlasting, dune tansy, Bacchari^, Ericameria, lupines 
and strawberry. The sand verbena and Franseria play here a 
r61e far less conspicuous tlian in ex|K>sed situations. Toward 
the eastern part of the area studied, where thm is len wind 
and less of sdiifting sand, the brake, blackberry and poison oak 
occur. Still farther east one finds numerous weeds, and the 
characteristic plsnts of dry hillsides beyond tiie limits of the 
present study. 

Undermined and Buried Vegetation 

f^uch shrubby plants as w illow, lupines and B<irrharis are able 
to withstand considerable undenniiiing. The willow holds on 



Digitized by Google 



196 



FRANCIS RAMALEY 



as the last representative in many a moribund vegetation-capped 
mound. Franseria and tansy also are not easily killed by the 
blowing away of the sand from the substratum. If, however, 
the sand is blown away very rapidly no vegetation can survive. 
Here the ground will be strcNNTi with a miscellaneous collection 
of roots and branches of willows, lupines and other shrubby 
plants. 

Distributed throughout the dune area there are many small 
mounds 2 to 4 meters high capped with willow. These have 




Fig. 3. Young sand verbena {Abronia) just getting a foothold. 



been formed by a blowing away of the sand from all around 
them. WTien such action is not too rapid the willows may grow 
down the sides of the mound and thus persist for a long time. 
Infilling may now occur and the former mound be partly cov- 
ered. Often for a time a considerable moat-like depression \\\\\ 
encircle the mound only to be eventually fillet! up. 

The plants that best survive slow burial are the sand verbena, 
Franseria, wild cucumber and willow. If infilling is very rapid 
all vegetation is destroyed. 
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Associatiom 

Vegetation of the dunes is not readily catalogued into definite 
communities. One may, however, distinguish a mixed scrub 
association in the vegetation mentioned as occurring in sheltered 
places that are not especially moist. The lower areas, domi- 
nated by willows may be called a mllow thicket association. 
These "associations," as also the pioneer groups and the relic 
mounds all belong to a single sand-dune formation.' 




FiK. 4. A patch of Franaeria undermined and destroyed by blowing away of 
the substratum. 



■ Later stanes of tht> mixed scrub and of the willow thicket, while not occur- 
ring; in the neighborhood of the dunes, may be seen at Land's End, 3 km. to the 
north and beyond the Cliff House. Here there arc cliffs 20 to 40 meters high, for 
the most part of fairly stable rock, but in places giving way to soft sandstone. 
Intermittent streams or storm waters have eroded this sandstone and carried 
down the material, forming alluvial fans. These fans differ in soil character 
from the dunes in that they have a certain amount of humus. Upon these fans 
there develops a vegetation-complex closely like that of old dunes. There are 
the same shrubs and herbs but in somewhat different proportions. The yellow 
lupine is e8|)ecially prominent; Eriophyllum al.so is common. Where ravines 
occur in sandy soil the willow thicket l)ecoraes well developed, but here with the 
increased amount of humus there is a far richer flora than in the dune area. 
Many additional species enter the association as: Ruhiis vitifolius, Viciit ffigantea, 
HeteromeleH arbuti/olta, Diplacus glutinosus, Micromeria chamigsonts, Sambucut 
glauca. 
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SYSTEMATIC LIST OF SPECIES 

^oUowing 18 a systematic list of dune species witii vanous 
unnotations. It may be well onoe more to remind the read«- 
that the introduced plants do not occur on the typical dunes 

at all, which are still in their primaeval condition. Plants 
marked with an asterisk are the most characteristic dune species. 

The writer is under obligation to Prof TTrirvey M. Hall of the 
University of California for reading and correcting the manu- 
script of this paper and for many courtesies extended wiuie the 
writer was in California. 

Potypodiaeeae 

PUridium aquilinum pitbescens Undflnr., Common Brake. 

Only in w«U established areM near the eastern limit of dunes. 

ChatoMott ghmea (L.) Serib., Bristly Foxtail. 

Introdurrd nnnuol; low places only, with Other weeds. 
Ammopkila arenaria (L.) Link., Marram Grass. 

Planted as a sand binder; has become fairly welt estabUshed in places close 
to the ocean shore; also on a few dupes where it has evidently been freely 
planted. 

■FetTuco muroid0$ Roth., Squirrel-tail Faacue. 

An introduced anniuil; only on well«e8tablislied sand. 
Brtmuf kordaceua L., Soft Cheaa. 

This introdueed annual, common over wide stretches of California, is pres- 
ent wbtffever other weeds occur in weU-^sCablished areas. 

« 

Cuperaeeae 

Eleocharis arirularin H. Br., Slender Spiko-rusb. 
Low, wet places among willows. 

J uncaceae 

4uncm Uteurii Boluud., Salt Hush. 
In low place*. 

•Junrii.t phaorcphalu:- Eniii lm., Rush. , 
Low areas, among willows. 

Salicaeeat 

*Salir Insiitlcpi.i Month . Arroyo Willow. 
Here it Li moi^tly 1 to 3 meters tall. 
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PolygonaetOM 

Choriianthe pungens Bonth. 

Annual ; looks like a smtll Briogonvm. 

Bfiocjonnm lalifoliuin Smith. 

About 0 <im. tall. 
BwMX acetoaeUa L., Sheep Soml. 

Tntroducfd wvvd in eastern pnri of dune ftrea. 
Rumtx »aliciJoliu9 Weinm., Willow Dock. 

In Um pleeei with ertabUahed Tegetotion; 3 to 5 da. tall. 
P<dygonum paronychia C. & S. 

About 2 dm. tall. The specific name euggcsts the appearance; the plant 
does not look At all like a Polygoirain. 

Nyelaginaccae 

*Al)fOnia latifolia Each., Yellow Sand Verbena. 

Forming large prostrate mate, often one meter aeross. 

TttngtmiaeeM 

Uettmbryantkmum aeginiof«nii» Haworth, Ice Plant. 

0( r:isI<<tKi1, eepeeiatly within a moderate dietanee (100-300 metera) from the 

ocean. 

CorngioUiceae 

PetUaeaetM ramosissima H. & A., Sand Mat. . 
Proitrale; forming denes mats. 

Peptueraeeat 

B$ch»ehoUtia ealifomiea Cham., Culifornla Poppy. 

This annnn!. which i» so abundant in many part« of the state, if prp.«ont 
occasionally on well established areas; plants are of about the usual height. 

Roaaetat 

Bt^ut vili/oliua C. & S., Blackberry. 

Only in well establifihed areas; moist soil. 
*Pragaria cftileuMs Duch.. Sand Strawberiy. 

Prostrate; spreading by runners. 

Foboceoe 

*Lupinux arboreus Sims.. Trrc T.tipine. 

This shrubby ycltow-flowcred species reaches a height of 6 dm., in exposed 
places but may be 1 to 2 metera tall where sheltered from the wind. 

*LupinuH cfuiriii <xiiu{» Ksch. 

This blue-Qowered species is mostly 6 to S dm. tail; sometimes a meter high 
when in large dumps. 

Anaeardiaetae 

Bhm iivertikba T. ft G., Prison Oak. 

In wsll establtshed areas toward esstern limit of dune ares. 
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Hhamnaceae 

Rhamnus eolifomica Each., Coffee Berry. 

This cmnmon shrub of tlw eotuit ranfes is usually much dwarfed on tlw 
dunes; it rBaelies here ahinit 6 dm. 

*Ecfttiwey9tis Jabacta Naud.> Man Root, Wild Coeumber. 

Qimbing on bushes or sprmwling on sand. The enomioue rooto m oltea 
ei^Msed by the blowing «way of aubetratum. 

On^^poeeo* 

BfiMnvim mimUtm Lindl., 

Annual; 1 to 3 dm. tall. 
Bpilobium paniculatuni Xutt. • 

Annual; 3 or 4 dm. tall. 
*Onolkera duiratUhifolia Homem., Sand Primrose. 

FHsettatef ipwading. 

Pkaeelia dcuglaau (Bcnth.) Torr. 

About 2 to 4 dm. tall; only in well established areas toward eastern limit of 
dunes. 

iSofanum nigrum iou^tuii Gray, Blnek Ni^t-ehade. 

Ftoatrate anoual, in moist places; rare. ' 



ScrojAnUiriaceae 

Serophvtaria eaKfomiea Cham. 

In low pliicc-s with fairly woll established «oil; 1 to l.o meters tall> 
Mimulm langtdorfii cali/ornicus Jepsoa, Yellow Monkey Flower. 

Low plaees among irillows. 
CottilUia latifolia H. & A., Seaside Painted Cup. 

Usually 1 to 2 dm. tall. 

I'lanlaginaceae 

Plantfj/jn paiagonica californica Greene. 

A clitninutive silky annual occurring in patches. 
Plaut(i(ji> Id rtceolaia ].. 

Introduced annual, in low places. 

Xinftrostoceoe 

*Prameria rhfimissnnis I/fs^. 

A low wide-spreading ambro«in-likc plant about 1 dm. tall and having very 
thiek roots. Highly variable as to caneseenoe. 

Frnnneria bipinnalifida Nntt. 

Similar to the preceding but not ao common. 
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Carduaceae 

Cirtium occiiUntale (Nutt.) Jepson. 

A wUte cottony plant about 4 to 6 4lm. t*ll, 

*AthitUa lanulota Nutt., Yarrow. • 

Common; generally 3 to 4 dm. tall. 
*Tanacetum eampiutratwn Leas., Dune Tansy. 

Common; 4 to 6 dm. tall. 
Arteniifia pycnocephala DC, Sand Sagebrush. 

Not common; about 6 dm. tall; somotimes forms large patches. 
Eriopht/lluiH nlmchadifolium Lag., Lizard Tail. 

Diffuse undershrub, 6 dm. tall. 
*Anaphaiis margarilaMa (L.) B. & M., Pearly Everlasting. 

Oecnra in large dumiia; plants 4 to 6 dm. tall. 
*Erieameria ericoidcs (Ijeas.) Jepson. 

Heath-like plant, 4 to 8 dm. tall; fomuBg compact growth. 
At'perm eanademi* L., Fleabane. 

Introduced annual in well established soil. 
*Baccharis pilularis DC, Chaparral Broom. 

On the dune* tliia u * law tbtvh 2 to 4 dm. tall. 

C'ichoriaceae 

Agoseria apargioides fT^s.i.) Greene^ Falae Dandelioo. 

Mostly 0.5 to 1.6 dm. tall. 
Ladvoa tcariola L., Prickly Lettuce. 

Introduced annual, in well eetabliehed eoil. 

SUMMARY 

The sand dunes of San Francisco lie close to the Pacific Ocean 
south of Golden Gate Park, extending about 5 km. north and 
south and 2 to 4 km. cast and west. The chief pioneer plants 
of the dunes are Franseria chamissonis and Abronia latifolm. 
Other important species are SaUx lasiolepis, Fragaria chiiensis, 
Lupinus arboreus, Lupinus chami^sonis, Echinocystis fabacea, 
Oenothera dieirarUhifolia, Adnlka lamdosa, Tanaeeium earn' 
j^uraium, AnaphaU§ nuargaritocea, Erieameria trieoidm. Boo- 
dutrit pihdaru. The vegetation is described for exposed pmnts, 
protected areas, and low places; the effects of undermining and 
burning arc briefly considered; plant associations are mentioned; 
there is presented a systematic list of 48 species of which 40 are 
native and 8 introduced. The chief part of the dunes is entirely 
unafifected by introduced plants. 



POROUS CLAY CONES FOR THE AUTO-IRRIGATION OF 

POTTED PLANTS 



BURTON E. LIVIKG8TON 
The Joluu Hopkin§ C^ntMrnfy, AoIltMore, Marnkmd 

The auto-irrigator' has been veiy extensively ueed in experi- 
mental work with plant cultures where the soil moistiure content 
was to be maintained pFactically constant for long periods of 
time, or where the tend^cy of the root system to remove water 
from the soil was under investigation. As originally described, 
this instrument consists essentially of one or more cylindrical 
porous porcelain cups buried in the soil of the culture pot, the cup 
being filled with water und comiected (by rubber stopper and 
tube) to a reservoir of water situated at a lower level. As water 
is removed from the soil by the plant roots, or through direct 
evaporation, the capillary equilibrium betweoi the soil wat«r and 
' the water imbibed in the porous porcelain of tlie cup is disturbed, 
and water moves from the cup wall into the soil, the porcelain 
bong continually replenished from the cup cavity and eventually 
from the reservoir. The soil moisture content when eup and soil 
are in inoisturr^ cvjuiliV)riuni may h:u-e almost any value, accord- 
ing to (he kiii l "f soil employ<Hl and the h«^ip}it of the water 
cotunm conn* I nng the cup witii the reser^'olr. When it is in- 
convenient to give this column the actual height required, a U- 
tube is inserted in the supply tube and sufficient mercury is placed 
therein to give the desired pressure equivalent. Then all the 
water absorbed by the soil is drawn from the reservoir against 
a pressure equivalent to that of the water column plus that of the 

• 

1 lavingitoii, B. E., A method for eomtroUing plant moutore. Plant World 11 : 

3JM0. 1908. Hawkins, Lon A., The porous clay cup for the aiif om.itic wat«ring 
of plants. Plant World IS: 2'i»-227. 1910. Livingston, B. E., and Lon, A. 
Hawktna, The water relation between plant and eoll. Carnegie Inst. Wash. Pub. 

1- IS. Iftl.'. ITr.Iiiu s, 1'. S , Moisture equilibrium in jmts of soil ('<)aippcd 
with auto-irrigntors. Johns Hopkinii Univ. Circular, March, 1917, p. 208-210. 
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mercury column used as a barostat If a suffidently large num- 
ber of cups are used, to give the requisite rate of water movement, 
the appahttua f unctiozus with relativdy vety great precision, auto- 
matically adding water to the soil about as rapidly as the plant 
absorbs it, and the soil moisture content fluctuates over a range 
of only a few per cent., on the hjisis of soil weight or soil volume, 
no matter what may be the fluctuations in the rates of trans- 
piration, evaporation and root absorption. 

It is clear liiuL tiiis arrasigement requires, at all times, an ade- 
quate eapillaiy continuity between the water of the soil and that 
of the porous porcelain, which means that the instrument may 
fail to operate if the soil retreats away from the external periph- 
en,' of the cup so as to break the neoessaiy capillary connections. 
In short, the outer surface of the cup must make good contact 
with the soil about it, or water movement will be hindered. Now, 
as is well appreciated by all students of soils, u Miree-phase soil 
(containing both water and ga8, as well as the solid particles) is 
practically never a static system, even with reference to the solid 
phase alone. Especially when there is rapid fluctuation in the * 
eioal temp^ature and in the evaporation and root absorption 
rates (which is the case under ordinary greenhouse conditions), 
the solid particles of the soil are being; moved about more or less 
continually by capillarN* forces and by gravitation. "\Mien the 
soil loses wnter it umially shrinks, and when the lost water is re- 
placed the resulting swelling often fails to bring the soil mass 
back to exactly the form that it hod before. It thus comes about 
that this shifting of the solid particles of the sojl may oft^ break 
the capillary continuity orii^nally existing between the porous 
cup and the soU in auto-irrigated pots, at least for a portion of the 
area of contact. Of course such a reduction of the surface of 
adequate continuity between the water of the cup and that of the 
soil must reduce the rate of water movement from cup to soil 
under any given capillary gradient, and if the reduction is suffi- 
ciently pronounced a pronounced lap: in the operation of the auto- 
irrigator must become evident. Thi.s difiiculty has been en- 
countered in practice, where cylindrical porous cups have been 
used for the auto-irrigation of potted phmts, and the practical 
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problem thus brought forward required considerable attention 
before a woricable mdution was readied. 
To avoid the possibility of any vety general or extensive 

drawing-away of the soil from the porous porcelain surface, it is 
only necessary to enlist the force of cavitation to Tnaintain the 
desired contact. This can he done by giving a horizontal or 
oblique poi^ition to the porous surface with which the soil is to be 
kept in contact. If this surface is horizontal or oblique, and below 
the soil to which water is to be supplied, the shifting of the soil 
grains is generally so controlled by gravitation that the soil tends 
always to slip downward, filling any considerable openings that 
may occur* Consequently, contact of the soil with a horisontal 
or oblifjiie surface Jipnn which the soil rests is usually much more 
perfect tlian it is with a vertical surface against rrhich the soil lies. 
Only a small component of the gravitational force is effective to 
press the soil laterally against a vertical porous cylinder embedded 
in it, and the soil tends to settle downward past the porous cup 
rather than againtt it. The desired end is partially attained by 
placing the porous cup with its'long axis horisontal or oblique, but 
this method introduces other difficulties. In the first place only 
a portion of the dipper half of the cup's cylindrical surface is now 
below tlH> srnl V. it}] which it is supposed to be in contact, for the 
lower half of this surfaro is directed toward the soil below. It is 
clear from this that the u liole cup must be free to move downward 
in such a case, if good contact with the soil is to be maintained 
both above and below, but ev^ this fails very largely, for the 
soil movements in question are not generally uniform throughout 
tbe soil mass and contact may still occur at certain places while 
withdrawal of the soil from the cup surface may occur at Others. 
Furthermore, it is impnssi}>le to place a cylinder in any position 
so that some portions of its surface are not vertical, and vertical 
surfaces are to be avoided. 

A horizontal plane porous .surfact; situated below the soil masy 
to be supplied with water operates satisfactorily, but difficulties 
are met with xvhea one attempts to arrange such a surface in a 
potted mass of soil In such a case the porous plate supplying 
the water should be the bottom of the soil container, which neces- 
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flitates that the rest of the cpp, whieh might be conical or hemi> 
sphericali with a projecting neck, must lie below the container. 
Also, it is difficult to arrange for a relatively large supplying sur- 
face in such a case, as compared with the soil volume, unless the 
soil forms a comparatively thin layer on the horiksontal porous 
plate. 

Another way of attaining the desired end to a certain degree 
is of course accomplished if a plane porous surface is placed in the 
soil 80 as to face obliquely upward, but this arrangement also 
presents diffici^ties that may be easily imagined, and it is not 
generally practicable. On the whole, it appears that the most 
gmerally satisfactory way to install an auto-irrigator is to employ 
a porous cup having a conical surface, the circuhir base of thf; 
cone resting on the bottom of the soil container, or being not far 
above it, and the axis of the cone being vertical. This arrange- 
ment furnishes an oblique porous surface along which the soil may 
gradually slip downward, becoming always more effectively 
pressed against the cup. This is particularly true when the walls 
of the soil container also have the form of a cone, the apex point- 
'ing downward, as in the case of an ordinary flower pot. The 
subtly inclined wall of the pot tends to throw the downward 
rno\ ing soil laterally j^trainst the conical porous cup within. This 
arrangement furnishes a rehiti\'ely large water-supplying surface, 
as related to the soil volume, and tlie surface is so exposed as not 
only to provide good contact with the soil at ail tunes but also to 
lie in a practically Ideal position with reference to downward- 
growing roots, which automatically teod to approach the source 
of water «Ktt»ply as they grow. 

After preliminary experimentation suitable porous porcelain 
cones for auto-irrigation have been made available at a reason- 
able price. They are somewhat Iik<> the Bellani plate n ' d in 
atmometry," but the sloi)ijig wall is conical instead of hcniispiierj- 
cal and is porous instead o{ being glazed. The new cones resem- 
ble, in form, an ordinary funnel, if we suppose the large opening 
of the latter to be closed by a cireular plate. The whole is made of 

*Liviiigiston, B. A modification of the Bellani porous plate atmomet«r. 
^eienee, n. a. 11:872-874. 1915. 
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porous porcelain, but any portion of the external surface may be 
waterproofed if this i« needed. For general use in auto-nriga- 
tion it iB peili^w beet to water-proof the ciieular plate fonning the 
base of the eone and to treat the qrlindrical neck, throiil^ which 
connection is made ^ith the supply leservoir, in the same way. 
The neck projects vfrtically abovo the eonira! part of the cup and 
its upper wri approaches or reache^^ the s*)il ^surface, or may pro- 
ject above it. The l^est results are to be expected when the cir- 
cular base rests directly on a rigid support, such as the bottom or 
the sloping walls of the soil container. The diagram of figure 1 




Diagram showiDg arrangement of ntito-irripntrir with pOrOUft poiMain cooe 
1, cooe; S, soil; B, mercury barostat; H, water reservoir. 

shows the general arrangeinent, and is sdf-escplanatory. If the 
soil container is large enough several cones should be placed side 
by side. For deep containers it may be desirable to place several 
cones one above another, but they should all be rigidl}' supported 
in some suitable way: for it is not dftsirable that the cone should 
be lowered by shrinkage of the underlying soil. 

The new auto-irrigator cones have a circular base 7.5 cm. 
(2 4 iuciiesj in diameter, the total height is 9.8 cm. (3| inches) and 
the cylindrical neck is 3.7 cm. 1 A inches) high and 2.2 cm. (| 
inches) in diameter. The wall is about 3 mm. thick. 
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Thp«#* roiK s are £;eTieral!>' m')re s^cnsitive in the ir respouses to al- 
terations in the moisture (.Miiient of the soil nr uimf them than are 
vertically placed cylinders, and the improvtni torm is desirable 
whenever it is requisite to maintain the soil moisture ccnuUtion 
with as great precision as possible. The cones should be used, 
also, in experiments in which rather careful measurements are to 
be made of the rates i>f loss of water from irrigator to soil. 

For the ordinary culture of plants, where detailed measure- 
ment>i of the rates of water absorption by the soil are not needed 
and where considerable fluctuations in the soil moisture content 
do not need to be specially avoided, the original cylindrical fonn 
of irrigator cup is quite satiiifactory. In such cases it 1:5 well to 
^iploy as many as four or five of the r^ular "soil cups" furnished 
by the Plant World, for a single cylindrical soil container about 
15 cm. in diamet^ and in height, In such cases, and where 
several of the new cones are to be operated together in the same 
instrument, the several units are of course to be connected to- 
gether in serie-^, by mean*? of l>ent jjlass, hard rubber or inotal 
tubes. Si» that all can be hlleii and eaipticd throimli the <ame pair 
of main tubes. Each cup is closed by a rubber stopper bearing 
two tubes,'oue of which does not reach inward beyond the stopper 
while the other reaches to the bottom of the cup (if it is desired to 
empty the system from time to time) . The first tube of one unit 
is continuous with the second of the next unit in the scries. At 
one end of the series, the shorter tube tenninates above with a 
stop-cock or other means of opening and closing. At the other 
end of the series the lonjjer tube is joined to the reservoir, either 
directly or through the L'-tube of a mercury barostat. Suction 
at the open stop-cock results in filling the whole system from the 
reseh'oir, after which the cock is closed. It is well to open the 
cock from time to time and test the system for contained gas 
by suction; if there is any gas in any of the cups it will thus be 
removed. When the system is to be emptieil, without disturbing 
the culture, the rock is opened and slight air pressure is applied, 
forrinp the wMtrr out tlirraich the supply tube. A little water of 
course iilways rt-maiiis in the cups aftor this operation. l)ut this 
will fjooii be removed to the soil. Headingjs are of course ob- 
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tallied by inrusuiing the amount of xvatpr removed from the 
reservoir whicli may have any couvenieut form. 

J I may be added that the new porous cones may be employed 
in atmometiy, like Bellani plates, by water-proofing the cylin* 
drical and conical portions of the exterior and grinding the cir> 
cular base to a plane porous surface. For water-proofing this 
porous ware (whieh it is difficult to glaze in a satisfactory manner), 
^^ll^•nt■nu "^';lIspar" varnish, perhaps diluted a httle with 
benzene, is found to be very <;tti<f'U'tory. better than alcoholic 
soluti;/n of gum shellac. Wherever a circular porous clay plate 
with a water container behind it i.s needed, these cones, or the 
Bellani plates just mentioned, may be of use. 
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VAUGHAN MAcCAUGHEy 
College of Hawaii, Honolulu, Hnwaii 

The Hawaiian flora pre5?cnts many intere.stinp; problems to the 
student of plant di-^trihution. A very high percentage of the 
native vegetation is endemic — a larger percentage, in fact, than 
occurs in any- other region of like area. The search for evidence 
bearing upon the origin of these endemic forms ie one of the out- 
standing problms of the phytogeogrsphy of the Padfic r^on. 

An excellent iostance of the local peeiiliarities in plant distri^ 
bution is the rubiaceous genus Morinda. This genus, (Sphaero- 
phora Bl., Guttenbergia ZoU., Rennellia Korth., Tribrachya 
Korth., Tmantina Hook, fil.), of shrubs, trees, and snmll climbers, 
comprises about 60 described species. A few of the species are 
epiphytic, The generic name if? from the Latin morns, mul- 
berry, and Indica, Indian, and several of the species are known 
popularly as "Indian mulberry." The East Indian name is ocft. 
The genus is distributed through tropical Aaa, Australaaa, and 
the islands of the Pacific; there are a few forms in tropical 
America and Africa. Most of the species occur in southwestern 
Asia; as one travels eastward through Malaya, Australia, and 
the Central Pacific, the representation rapidly diminishes, and 
in the isolated Hawaiian Archipelago there are but two species,' 
one introduced and the other endemic. Several fossil species 
have been reported from the Tertiaiy of Europe; the total num- 
ber is about seven. 

The characten of the gums are briefly as follows: Leaves 
opposite, rarely in 3's. Stipules membranous, connate inside the 
petioles. Flowers sessile, in small, globose heads, which are axil- 
lary or tcorminal, simple, panided, or umbeUate. The flowers are 

'Tbe Yaw-Weed, M. Rtrioe L., a natlTB of Florida and tba West Indioa, does not 
ooouT m Hawaii. It is a inroatrate branching ahrub with imall ciimeon flowon. 

209 
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white or crimson and are united at the base. The calyx is cup- 
shaped, truncate. The calyx-limb is short and scarcely toothed. 
The corolla-tube is short or long, funnel-fonn, salver-form, or 
cauipanulate; lobess 4 tu 7; coriaceous, valvate in the bud. 
Stameiu 4 to 7, lunially 5, the filaments adnate to the throat of 
the corolla. Anthers enclosed in Uie tube or rarely exerted. 
Ovary 2-loculed, or by the prolongationof the placantas spuriously 
4floculed. One erect ovule in each locule. The styles are unitedi 
exerted, bifid or entire. The fruit is an a^pregate of the succu- 
lent, coalescing drupes, forming a s^-ncarpiuni. The pyreiue or 
putamen are cartilaginous. The swds are obovoid or reniform, 
with a thin testa. The albumen is lleshy. The embryo is terete, 
with inferior radicle. 

Marinda le represented in the Hawaiian flora by two species 
only, AT. cUr^oUa and Af . trimera. The former is an abundant 
and well-known dye tree of India, Malaya, and the Pacific islands. 
It has been carried by the Polynesians throughout their vast 
migrations across the Pacific, and undoubtedly in this way 
reached the Hawaiian Archipelago. Numerous economic plants 
were thus intmduced by the priiiiiti\e Hawaiians, and wore 
planted extensively in their new island home. Prominent among 
these may be mentioned: Colocaaia ewulenia, Ipomoea Ixitofos, 
Muaa tapietUum, Ariocarpua incua, Coeos nudferot DioBcorea 
spp., Taixa pinnai^fida, Jamboaa MaiaecenHt, Piper metkyaHcum, 
Zingiber Zeritmbet, Brom.sofK tfia papyrifera, etc. 

Morinda citrifolia Linn, is called Noni by the Hawaiians ; this 
is also its Tahitian name. Tt ranges from Africa and southern 
India to Malaya, Australia, and the islands of the Pacific. The 
Hawaiian gioup t;oustitut<j the muthern limit of its range iu the 
Pacific. Its geographical distribution coijicidcs with that of 
many other plants that were valued by the primitive Polynesians, 
and clearly marks the eastward mirations of these peoples. It 
is a small, glabrous tree, 20 to 30 feet high. It sometimes grows 
as a large shrub, branching from the ground. The bark is smooth 
and gray. The wood is i)right yellow wlien first cut. It is vory 
durable, and resists the attacks of boring insects. It weighs 
.30 to 40 pounds per cubic foot. The branches are obtusely 
4-augled. 
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The leaves aie 6 to 10 inehes long and 4 to 6 inoheB brood, on 
petioles of \ t o f ineh. The blade is broadly elliptic, thick, shin- 
ing, and dark-green, hence the name citrtfolia, "like the orange 
leaf." The veins are conspicuously improj?spd ; the apex is acute 
or obtuse. As the leaf matures it turns a rich yellow, finally 
passing into yellow-brown. This feature of coloration before 
abscission is possessed by oiiiv a lew Hawaiian plants. The 
stipules are large, I to ^ inoh long, broadly oblong or semi-lunar, 
and sometimes 2- 3-fid. They are connate below into a loose 
sheath whieh encloses the peduncles. 

The \on} tree is prolific and is almost continuously in flower 
and fruit. All stapes may be found on a single tree at any season 
of tho yo:ir. The flower heads are on short, solitary, bractless » 
pedvinoles. The latter are Ho U inches long and are usually in 
the axil of every other pair o? leaves, or leaf-apposed. 

The calyTc-Umb is short and truncate. The corolla is white or 
greenish-white; tubular or funnelnahaped] 5-lobed. The tube is 
about i ineh Icnig; pilose at the insertion of the sessile anthers 
below its middle. The style is shortly bifid, and as long as the 
tube. 

The fruit is yellowish, fleshy, globose or ovoid, and about 3 
inches in dianiet rr Fruits4 to '> inr-brs in dinTnotpr are not uncom- 
mon in humid di.-.tiicts. The flesh is very loetid while decaying. 
In ancient Hawaii, Fiji, and other Pacific islands the Noni fruit 
was eaten both raw and cooked, but is scarcely palatable to the 
Caucasian taste. An analysis of the fruit, made by the Hawaii 
Agricultural Experiment Station in 1914, shows the following 
composition: 



Edible portion 5f> rcw 

Waste 40.070 

Total floUds lO.Uro 

Imoluble solids 3. ISO 

Ash 0.838 

Adds as H SO 0.808 

Protein 0.631 

Total sugars 3.510 

Fat 0.280 

Fiber 1.058 
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The fruits contain a rod dye, the roots a yollow polorinp prin- 
ciple. The tree was fonncrly cultivated as a dye-plant by most 
Pacific and southern Asian peoples. The leaves and fruits were 
also used medicinally. The dye morindian resembles the color- 
ing pzinciple in madder. In the East Indies the root is called aJ, 
n India it is known as aeft. There has been considerable con- 
fusion in the literature as to the status of the so-cslled AT ortnda 
Hndoria Roxb., of India. The consensus of opinion now is that 
linctoria is merely a variety of cilrijolia, or perhaps identical with 
the latter. In India the tree is raised commercially on a large 
scale as a dye crop. It is planted from seed or from stem cut- 
tings. At the expiration of three and oue-half years from plant- 
ing the trees are felled and the roots dug. The root-bark is much 
ridier in morindian than is the root-wood, so the smaller roots are 
the most valuable for dyeing. The Aots are cut into short lengths 
and then split lengthwise into three pieces. These are ground into 
powder in a crude hand-mill. The cloth is dyed by being l:K>iled 
with this powder; the resultant color is a dull red. The Hawai- 
ians used the A'o'? ?' for dyeing their kapa or bark cloth. 

A feature of the seed of Noni that is of special interest is the 
highly specialized floating bladder, with a water-tight wall, in 
which the seed is suspended. By this means the seed is able to 
endure prolonged flotation upon the ocean currents. It should be 
remarked, however, that the Nom is very rare as a strand plant 
on the Hawaiian Island- and gives no evidence of marine trans- 
portation in these islands. The writer, during nine years resi- 
dence and exploration in this {rroufx has never found germinating 
seeds of Morinda citrifolin al Dnu ihe Hawaiian littoral. 

A variety, hracteata Hook., is described as havin^j; stipules more 
acute than the species; calyx-limb often with a lanceolate or 
spathulate white leafy limb, sometimes three inches long. This 
,is not known in the Hawuian flora. 

The Noni occurs on the lowlands of all the idands, particularly 
in the vicinity of present or ancient Hawaiian settlements. Al- 
though wholly capable of resisting xerophytic conditions it reaches 
its best development in a humid climate. It is frequent on the 
arid wastelands as well as in the moist valleys, but rarely rises 
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above an plevatinn of 1000 feet. It was undoubtedly much more 
abundant in early times, under the semi-cultivation of the priiui* 
tive Hawaiians, than it is at present. 

The only other species of xMonnda that occurs in the Hawai- 
ian flora is trimera Hillebd., known to the natives as "Noni 
kuakim," Ibis is an excessively rare tree, 20 to 30 feet high, and 
attaining a trunk diameter of about 1 foot. The wood is ydlow. 
The branches are pale, tffli^te, and covered with numerous lenti- 
cels. The leaves are opposite, elliptico- or obovate-oblong, 4 to 
6 by H to 2 J inches, on petioles of 1 to 1^ inches. The blade is 
equally acuminate at both ends: chartaceous to membranous; 
pubescent underneath, particularly along the vciuh and in their 
axils; almost black when dry. The stipules are ^ inch long, 
acuminate, and c<Hmate into a deep sheaih. 

The peduncles are in the aadls of old leaves, and cauline, 1| to 2 
inches long. They are pluribraeteate at the base — ^the bracts are 
connate, appiculate, or subulate — and often with a pair of leaflets 
at the middle. The flowers are 8 to 10 in a Klomerule, connate at 
their bases. The cal>'x is 1 to 1 j lines long, freo fr om the ovary, 
urceoiate or cupulate, truncate, and with 3 toothlcts, The corolla 
is 3 inch long, coriaceous puberulous, tubular-ventricose, shortly 
3-toothed, with the teeth or lobules in duplicate- valvate or cucul- 
late. There are 3 anthers, subsessile on the lower third of the 
corolla, oblong and included. 

The ovary Is small, globose-depressed, and sunken into an 
annular disk at the bottom of the calyx. The style is about the 
lenj^th of the calyx, bifid and with one branch shorter than the 
other. The drupe or berry consists of 4 distinct woody pyrf^nae; 
it in fleshy and adherent with and enclosed within the globose 
caljTC. Each pyrena has one erect seed. The calices are connate 
in a s^'ncarpium, which measures about 1 inch in diameter. 

This lemarkable species has been found only in the forests of 
Hamakua, Wai«kapu, and Maka-wao, on the island of Maui. 
A variety beta is characterised by leaves thicker than those of the 
species, shining, ovate-oblong, obtuse. The calyx is truncate, 
with 5 to 6 toothlets. The corolla is occasionally 4rtoothed, with 
4 anthers. There are 10 to 15 flowers in a glomwule. This 



214 



VAVOHAN llAOCAXTGHKT 



variety has been collected only from the suniniit of Mount Pua- 
kea, in ttie Waiaaae Mountains, on the island of Oahu. Morinda 
timera is thus seen to be strictly eodemic, highly precinctive, 
and exeeasively rate. Only a very few staticms are recorded for 
it, and these are confined to the islands of Oahu and Maui. 
Kauai) the oldest island of the group, and Hawaii, the youngest 
do not possess it. The origin of this lone endemic species is 
indeed a mystery. From the standpoint of the ecologic factors 
in the environments of these two species, the evidence perhaps 
pointi> to trimera being a mutant of citrifolia. In other words. 
citrifolia having escaped from cultivation and made its way into 
higher levels of the rain-forest, under the potent influenees ctf a 
wholly new eeologic background, may have spontaneously and 
suddenly gave rise- to trimera. This hypothesis is worthy of 
further local investigation, and may prove applicable to other 
instances of aidemism in tlie Hawaiian flora. 
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Soil Aeration. — In a recent paper by Noyes, Trost and Yodw* 

variations in root growth under three sets of soil aeration conditions are 
noted. The plants employed were Christ mas popper (Capsicum nn- 
mium abbreriatum), head lettuee (Lactuca mliva), radish (Raphanus 
sattvus) and green pod bean {Fhaseolus vulgaris). These plants were 
grown in Wagner pots, filled with Sioux silt loam in the case of Cbristmaa 
pepper and with Wabaah aancfy loam in the eaaea of the other pianta. 
All cultures were watered in a similar manner with distilled water. 
One set of eiilttires was trcatetl by flowing: carbon dioxide continuously 
in at the bottom of the pots at the approximate^ rate of (ioO cc. per hour. 
Another set of cultures received the carbon dioxide treatment eight 
hours each day while a third set remained untreated. The roots of the 
untreated Christmas peppers were large and fibrous while those treated 
rontiniiously with carbon dioxide were dwarfed, roarse and irrcjftilar. 
The treated plants formed many prominent a(Tial roots. The roots of 
the plants receiving intwnittent treatment were somewhat similar to 
those receiving the continuous treatment. The aerial portions were 
kas affected although at first the growth of the treated plants was 
somewhat retarded. The root system of the carbon dioxide treated 
lettuce was affected to a much less extent than that of the Cliri.'itmas 
peppers. There was an imlication, however, that the departure from 
normal growth increased with the increase of carbon dioxide. The un- 
treated radishes foimed straight tap roots while those treated prodwsed 
large numbers of small horizontal roots from the base of the bulbs. 
The n^sponse of the bean roots to the carbon dioxidt^ treatments scorned 
quite different from those of the other plants. These roots grew very 
near to the openings where the gas entered and the intermittent treat- 
ment seemed to produce the best root system. 

The results brouc^t out in this paper substantiate those of some 
other investigators in pointing out indirectly that the oxygon require- 
ment in soils varies for different plants. Cannon and Free* observed 

' N'oyps. H A., Trost. .1. F , and Yodcr, L., Hoot variations induced by earboD 
dioxide ga« additiotiB to soil. Bot. G&z. 66: 3&1~^73. 1918. 

t Cannon, W. A., sad FMe, £. £., The eeologttal ngnifieaoee of aoU aeration. 
Science n. 1.45 1 178-180. 1917. 
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tUrectly the root growth of Fronopis veliUina and Opuniia versicolor and 
found that these phintB leepcmded in a different mannu- varioiu 
mixtures of carbon dioxide and oxygen. Livmgston and Fre^ observed 

marked differences in the rate of water absorption by roots of willow 
(Salix nigra) and coleus {Colem blunipi) when the soil atmosphere of these 
plants was deprived of oxygen by replacing it with nitrogen. The wil- 
low showed no signs of injurj' when oxj'gen was excluded from its roots 
while the coleus showed an afanost eomplete cessation of water intake 
within a few hours. The root system of ^e coleus grown with deficient 
oxypnn was poorly developed. Xeriiini nJmndrr nnd Heliotropium penir- 
ianum werc aho found to show injury when their root systems were 
deprived of oxygOD. 

It is indicated by these various experiments that injury is due to 
lack of oigrgen necessary in the process of respiration of the root cells. 
The apparent exception of normal grovsih in Salix when deprived of 
oxygen raises the question as to wliothor the respiration of the roots 
of that plant and other similar ones might not be anaerobic. — Earl 

.8. JOUNSTON. 

A Text-Book of Botany.— Still another text-book giving elements 

'of botany!' There is, apparnitly, no cnnunon opinion, ncnvadays, as 
to what constitutes the clmu nts of botany. Instead, one finds almost 
every teacher, called upon tu give u course to persons beginning to 
study botany, compounding this course of certain well-known ingredi- 
entSf of certain subjects "which every boy should know," and of certain 
other topics upon the indisp^isable merit of which no two other teach- 
■ers agree. The product commonly includes some vestiges of the Gray- 
ian "morpholog>%" a uiudicum of the SaclLs-Bessey-Farlow-Campbell 
"type" scheme, with more or less emphasis of the idea that these "types" 
may give a plausible indication of the course of evolution of plants, 
some cytology and some bacteriology perhaps of the Strasbur^er and 
Cohn kinds, some pliysinlopy, some pathology, some plant breeding, 
and, especially since tlie summer of 1914, some economic botany. This 
inclusion of so many topics ii\ one general coui>?c leads in practice to 
the theoretic restilts — confusion and dissipated interest. And what con- 

* LivingKtou, li. E., aud Free, £. £., Tiic cITect of deticicnt soil oxygen on the 
roots of higher plsnta. Johns Hopkins Univ. Cir. n. s. no. S. UAT: 1S3-18S. 

1917. 

> Allen, Cb&ries E., aad Gilbert, Edward M. Text-book of Botany. Bostoo, 
D. C. Heath uidComiMUiy, 1918. 



Digitized by Google 



BOOKB AND CURRENT LITERATURE 



217 



fidenoe and undprsf andin^r have l>otaiiy and hofaiiLsts won. atnoug 
people in general by any of the methods so far followed? Medical bot- 
any long ago won its finnly establisbed place. Agriculture and horti- 
culture are respected and popular: but the clamor for agriculture and 
horticulture in the fschool is raised by people who do not know that their 
children will pet little l)esidP!« element an hot any of some sort or other; 
and the cry is caused by botanists who do not yet see wlmt a hungry 
world requires of the profdssed students of the only organistus ever 
capable 4^ furnishing food. 

Some botanists devote their Uves to seeking the means by which 
most plant? eontinue, as they did before they were "investigated," to 
send their roots down and their sterns up — but who cares? Others 
devote precious human life to the accumulation and description of 
TCgetable cadav^. Others spend life and time on disease and disease. 
But meantime green and living organisms are canrjring on» in daylight 
and in health, the most important inical reaction in nature, the con- 
version of innutritions water and carlion-dioxide into an indispen^sable 
food. Botany is tlie study of food production and of fotxi producers. 
Anything else is something less or something other than botany. Plant 
paUiology is less; agriculture, horticulture, forestry are less; fAvat 
breeding is lo^. But they are all parts of the science to which we 
are devoted, emphasizing now one, now another, aspect of it which 
especially interests or impresses us. But what the world wants it is 
willing to pay for. It will pay for little that it does not want . What 
it always wants is food. It is willing to pay for it, for its improvement 
in quantity, quality, and availability. It is willing to pay for what 
food makes in the form of various other conmiodities. But for the 
student of esthetic or sentimental or specnlative botany it may have 
as little need and as little pay as for the man who does nothing but 
study blind fishes while the world is battling for life and freedom. I 
do not believe that the friend who was studying blind fishes years ago 
is studyii^ them now; he cannot. Nor should botanists be unmoved 
by the world's agony or, being moved, fail to make their sciencn meet 
the need, modifying their studies in order to meet the new conditions 
and the new demands. Does the book before us do this? 

The names of the authors guarantee that the work is well done in the 
sense that it is done carefully and discriminatingly, the facts are well 
chosen, and the statements are clear and explicit. There is no a.ssertion 
that the reader hm sepn in the book to the same effect as the preredinicj 
discussion. Perhaps it is because the authors have been pai'ts of a 
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great college of agrietilttire ami closely associated witli tiio men who 
• have made it great, or for other reasons ; but in any case they have pro- 
duced a book which, while it oontaixis many of tiie "kxdelc-knaelaB of 
aoittice/' things which are curious and therefore interesting, contain 
also th(? fundamentals and the <'1rnvnts of that science which is one of 
the foundations of civiUzation. If the authors were conscious of this, 
and intended it, the reader would have been gl&d to have them make a 
Bummaxy ■tatomokt to fhb effeet at the end of flie bode, thereby im- 
preeeing upon the mind of the student the leeson of the whole, instead 
of merdsr atopping with the laat item in the last leaaon.— Gboros J. 
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Among tbe topographic features peeuliaf to the i^acisted portiooB of 
the United States are email depressions, known as plunge bsains, 

caused by the forceful erosion of waterfalls. Dr. Lorcn C. Petry has 
recently described the vegetation of one of these basins in central New 
York, showing that its plants are all of northern range and many of 
them abeent from the surrounding region (Bull. Torr. Bot. Club, May, 
1918). He has further described an intenave investigation of the tem- 
perature oonditioos of this basin, 600 by 460 feet in ase and 05 feet in 
depth. On a warm summer day the temperature at the rim was 
94° F. and in the bottom 63.5° F., while the humidities in these places 
were respectively 32% and 73%. The soil moisture, wind and humidity 
wen found to vary little throuQ^hout tbe bottom of tbe basin, bot the 
observed differences of .air and soil temperature were great enough to 
justify the establishment of twenty stations for the measurement of 
these coTiditinDs. The isotherms of soil temperature were found to 
correspond with the zonation of the vegetation, tjie isotherm of ob° F. 
agreeing exactly with the very similar distributional areas of the five 
cbaracteristie species of tbe floor of the basin. The isotbenns of air 
temperature did not coincide with the distributional limits. It is 
rarely that the cau«?es underlying tlie distribution of y>!;i!it f-oinrinini- 
tics an; so thoroughly investigated and the rdle of a particular condition 
so conc'hisively shown. . 

Professor WiUiam Trelease, of the University of IllinoiB, has pub- 
hshed a booklet of 394 pages entitled Winter Botany (privat<*ly pub- 
lished, $2.50), which is a comp^on voluiuu to his Plant Materials of 
Decorative Gardening. Keys and descriptions are given which make 
it possible to detennine the native and introduced woody plants of the 
eastern and central United States in the leafless winter condition. The 
ingenious keys, full descriptions and excellent illustrations should make 
the book a very useful one for botanists and horticulturists. Many 
sub-tropical, European and oriental dirubs are included, as wdl ss 
some that are native to Uie western states, and it is unfortunate— even 
from the gardener's standpoint — that the geographical origin of the 
trees and shrubs is seldom stated*. 
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The following list of additions atui correctiona is nvaxie by Mr. S. 
B. Parish to his paper An Enumeration of the Pteridophytes and Sper- 
matophytes of tlie San Benuurdino MountaiiiB, Califturma (The Fknt 
World, 80, 163,208,215): 

Page 174, after line 42 inaert: 
Fetiuca confinia Vasey, Bull. Torr. Bot. Club 11 : 126. 

Upper Trarit!ttion and Canadian zoncB. Coon Creek: Dry Lake. 

Page 175, line 1 : for Myurm read Myuroi, 

Page 175, line 20: for horSaeev* read hardeae«iu. 

Page 175, after line 37 insert 
AgropyroH Unerum Vasey, Bol. Gaz. 10 : 258. 

San Bernardino Mountain*, Hall, ace. Hitehcook in Jepeon, Bol. Cal. 

Page 209, after line 17 iniiert: iudacbab. 

Page 210, after line 8 insert: 
S^ix gtaiueopB Anderm. in DC. Prodr. 10, pt. 3: S81. 

DoIl:u* L:ik(", iti llic Caiiadi.'in zone, Hall 7887. 
Populua tremutmdes Micbx. VI. Uor. Am. 2: 243. 

Fish C^vek, in the Canadian lone, Grinnell. 

Page 211, line 1 : for li»i,}i.<picatum wad hngupicum. 

Pagf» 211, after line 37 insert : 
Srioffuntm microtheatm Nutt. Jour. Acad. Phila. ser. 2, 1 : 182. 

On open stony alopea, Doblc. upper end of Bear Valley. 
Eriogonum nudum Dougl. var. pauciflorum Wats. Proo. Amer. Acad. 12: 264. 

Frequent in dry soils in the Transitioo aone. 

Page 214, for tine 27 read: JZaniiiiettlits oxynotn* Gray, Proe. Amer. Aead. 10: 

6S. 

Page 215. for line 24, read Lcsquerella Palmeri Wats. Proc. Aujer. Aead. 23: 
255. Not 1)1 licrwisc known from California. 
Page 217, after lino 21 insert r 
Ribes malcaceum 8mith, in Uees' Cydup. 30. no. 13. 

On the slopes of raflons in the Upper Chaparral lOine. City Creek. 

JK6e^! mrmtigrrnim McClatchic, Eryth. B:;^S. 

Near the summit of San Uorgouio Mountain, in the Hudsonian xoue, Abrams 
and McGregor. 

Pae<' 219, line 22. for cyMoiikn read ey(ffOide». 
Page 219, after line 12 insert: • 
Rota txMfomica C. * S. Linnaea 2: 85. 

Fri i|\ic(if on damp hnnks in the Chajiarral .tiKl Lower Tranidtlon sones. 
Page 221, line 22, for Calliiricaceae read Cullitrichaceae. 
Page 221, line 25, for Anaeardaeeae read Anaeardiaoeae. 
Page 222, line 2f>, after girdiana insert MunaOD. 
Page 223, after line 29 insert: 
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Bffpericum anagalloides C. A S. Linnaea 3: 127. 

Frequent in the Transition sone, forming mats on damp banks. 
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Hypericum formoaum H. B. K. Nov. Gen. 8p. 5: 198k 
P'rcqucnt in the TransitioD sone in damp soil. 

Page MS, for line 30 read: Fraxinat oregona Nutt. var> sMrra Rehder, Proc. 

Amor. Arnd. 63 : 207. 

Page 248, for line 31 read: Infrequent on stream banks in the Lower Chaparral 
looe. Clei^oni C^on; City Gredc. 

Piige 2.'i0, line 14, for OiUa NutkMU Gray read var. monlana Brand. Pflansr. 
IV, 250: 125. 

Piftge 264, after line 18 insert: 

Mimulus Pnrlxhii Greene, Bull. CtX, Acad. li 106. 

Big MeadowB, HaU 7571. 

Page 254, after line 35 inaert: 

Ort^arpua piloaua Wats. King's Expl. S: 231. Caslillrja pilota Rydb. 

Sugarloaf Mountain, Upper Transition lone, Hall 7S33. 

Page 257, after line 15, insert: 
CIlTysothammts tnohavensia Brcenc, Eryth. 3: 113. 

A* desert H)>ecics which reaches the caatem end of Bear Valley. 

Vernon Bailey. 
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ftffiLBIT AND PLANT DISTRIBUTION IN THE FAR 
,,r^ NORTH 

"^^^^ HOWARD E. PTTLUNO 

C^' The Johns Hopkins i niversily, Baltimore, Md. 

^ ^^Mtlf^ ^^^^ striking eharatotesiBtit;s of the landscapes of 
i' ■ >:/|l<»tkR»eiitnd Canada is tiie-monotony of the sky-line, A jagged 

j,\ .. 'Ijorizon of spruce tops meets the eye everywhere except in 
v./*". .-"^ceedinpily small areas. This predominance of spruce is 
; Tisually ascribed to a tolerance of low temperatures greater than 
i \that characteristic of the dominant trees of more temperate 
"^diiiiatee. In iueh a statement the BMiimption appears to be 
implied that the (fired effect of tonpCBsture upon penological 
prooesees conferob the flora of the far north. It is a purpose of 
this paper to point out one way in which low temperatures may 
retard the growth or limit the size of certain species of trees in an 
indirect way. To form a suitable background for the data to he 
presented it is necessary to consider briefly some of the char- 
acteristics of the region. 

Physiographically, northern Canada is extremely young. A 
bird's-eye view would show the relative proportions of water 
and land so nearly equal in extent that it would require nice 
discrimination to determine which is in the excess. The lakes 
are insular with rocky shores, lagoons and oft^ abut upon 
swamps or muskegs. The rivers are alternations of rapids and 
falls with lake-like expansions of (juiet water that are often reed 
girt and swampy. The land surfaces are characterize^i by eskers, 
moraines, drumlins, kanies, ispatinows and till among which 
the scoured and striated rocks of pre-csmbrian date are freely 
and unevenly presented. A large area in the heart of central 
Canada is occupied by the bed of glacial Lake AgassiB which 
extended from the northern part of Minnesota to about 57*36' 
north latitude. This great lake bed embraces the region now 
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occupied by T^ike Winnipeg and surrounding country >tiri^ftji^ 
tending northward, inchides the wostom part of tho pjl^i^jil*''^ 
river to a point bolow Southorn Indian hiko. Tho 'S( ]^^'^^n- 
rising in Lake ^^'innipog, oniorgos from the old hiko i^lllpjlf 
degree south of Split lalcc and does not reenter it. la tjj^'l«k 
bed 'a hwvy deposit of silicious clay has rounded the rp^^l^'it ^ 
lines of the pre-cambrian rook and produced a rolliit^o^t r\' 

One feature of the topography is the occurrence [ci ^iiudco 
on rather high hills whoro precipitation accumulate|j'*l?t^^u 
dnmmed by the ancient rook or by tho deposit of c68i5ij^<jj^ cla 
barriors that aro but sliglitly pormoablo to water. Anoth<"r not 
worthy feature is a sharp disoontinuity in tho depth of soil. f< 
bare rock may alternate with deep drift and of two neighb<jriii 
hills, one may be soUd rock and the other of glacial origin. Ho\^ 
ev&f because of temperature conditions these apparently dcnj 
soils are, in reality, often vary shallow from the standpoint IP 
penietrabilily. Except in the more southern portions of the 
region they arc perpetually frozen to within a relatively short 
distanoo of tho surface and moohanically this frozen layer is, of 
course, about as effective a barrier to root growth as rock would 
be. 

The point to be emphasized in this paper is that through tlie 
combined agencies of past history and present dimatic oonditions 
the soils of the far north are, in general, shallow. In about 
latitude 56^N. and longitude 97*^. for example, frozen soil was 
^countered in August, 1916, at d^ths ranging from 2 meters on 
bare slopes facing south to 3 cm. on flat beaches with a north 
exposure. Because of these moohanioal barriers t<t root ponotra- 
tioTi largo tnvs of (loop ro<»tr(i spocios would not bo oxpootod 
unless this habit became nuxlitiod, for an inadequat4' root system, 
of course, precludes the possibility of an extensive top. 

If (me conddero the characteristic form of the visible portions 
of trees, habits so pronounced that the dominant trees may oftm 
be determined at a distance, it should not be surprising to find 
that the subterranean portions — tho roots — also have definite 
habits. These characteristic root habits are well recognised in 
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the cases of manj'' cult ivated plants and Cannon' has worked them 
' out in great detail for some desert species. It is further possible 
I that not only do plants differ in their root habits, as they do in 

* thdr top habits, but also that they differ in the rigidity with which 
I the habit is maintained under varying external conditions. If 
; the n)ot habits of some trees are rigid it would not be ^pected 
i that those characterized by deep roots could exist in those north- 
em reginns. wholly apart from atry direct effect of low teinpciM- 
tures ujioii their jihysiolopicul ])n)('esses. It is further possihlu 
that trees uitli suihciently flexible root liabits may Vte found in 

• these tliiu-soil regions even though they may, under more favor- 
able circumstances, penetrate to considerable depths. 

The root habits of several trees were investigated chiefly 
, during the summer of 191(i in a strip of country lying between 
i latitude o5°N. and 5G°N. and longitude and 98°W. in the 
» province of Manitoba. This strip covers a portion of the region 
of deep, uniform clay soil in the area formerly oc{ ui)ie<l by Lake 
Agassiz and a portion of the shallow-soil region beyond the limits 
of this glacial lake. For comparison, the root systems of the 
same species w^ also investigated in a deep (several hundred 
feet) sandy soil in the nd^borfaood of the Brule river near the 
south shore of Lake Superior in Douglas County, Wisconsin. 
The characteristics of these root systems, in so far as they bear 
upon the points at issue, are exhibited in the accompanying figures. 
It should bo noticed that these figures aro dimcn-;ir)r)<'(! and not 
drawn to scale. To present a clearer idea of the general char- 
acter of the .systems the very small roots of some of the trees are 
not indicated in every place they occur; instead each system as a 
whole (or such a portion in the case of an extensive systom that 
an idea of its eharaeter may be obtained) has been drawn and a 
few roots only are represented in detail. Each drawing is that 
of a portion of the root .system of a particular individual, which 
was obtained by dis>;ection from the .soil mass with a pocket 
knife. In the drawings, principal roots are shown as in a plane 

■ Cannon, W. A., The root habits of deaert plants. Carnegie Institution of 
Washington Pub. 131. 1911. 
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and roots branching at right iuigles to the plane of the paper are 
omitted except as noted in the text. Several trees, ranging in 
size from, those a few decimetos high to mature trees, were , 
eacanuned in various kinds of Iialntats, deviations irom the type 
shown in the figure being noted in the text. 

Black Spruce. (Picea mariana (Mill.) BSP; P. nigra Link; 
P. hrem'folm Pock.) — This tree is iho common inhabitant of the 
muBkegs. As indicated m the figure it m very sliallow rooted 
even when growing in deep soil. For example, on a well drained 
slope with a south exposure, situated on a large island at the 
entrance of the Nelson river into Split lake (about 56*^'N. lat. 
and long.) the soil was not frosen above a d^th of 

170 cm. The first 6 cm. were moss and leaf mold; the next 25 
em. a brown clay that was flocculated and veiy dry except in the 
upper 4 or 5 cm.' At 150 em. a hea^y clay was cncnimtercd 
tliat was solidly frozen at 170 cm. In this soil the black spruce 
roots wore not found below 7 cm. although willow and white 
spruce roots were found at a depth of 80 em. 

Four possibilities immediately present themselves in this and 
the cases following that deal with shallow rooted plants: (1) 
The roots do not penetrate the flocculated clay because it is diy. 
(2) They not penetrate it because it' is Cold. (3) They do 
not penetrate it because of its low oxygen content. (4) They 
do not penetrate it because the shallow root-habit is inflexible. 
Considering th<'sp briefly it may be stated that the last is the 
most j)rol)abie l)ecausc (1) black .spruce is shallow rooted in a 
well aerated, sandy soil which is more moist below the roota 
than about them (Brule river region). This also applies to (3). 
(2) Changes in soil temperature with depth cannot be effective 
for the tNuperature in the 6 cm. of moss and leaf niold was 37^. 
and there was no observed change until within a few centimeters 

* This dry, flo«eulftted aoil is of fenersl oeeurranee in all the region ex«mtned 

nncl there is additional rr;i>on fo Iiclirvc that its pti smrc is vcr\ widt'r^pirad. 
Even when occurring under deep layers of sphagnum liaturated with water it is 
usually dust <iry, so that plants may he actually growing in a dry soil when the 
surface indicntions point to the existence of u bo^- For a more complete descrip- 
tion and an hypothesis of origin see Fulling, H. K., Home unusual feature* of a 
•ubaretie s<dl. Jobiis Hopkins CSreulmr, pp. Mitfeb. 1917. 
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of the frozen soil; furthermore black spruce grows with frozen 
soil but 8 cm. below its nxits. The temperatures about the roota 
in this latter situation were between 33° and 35° F. in August. 

The particular plant figured was found in the deep, Siindy soil 
near the Brule ri\ er in northern Wisconsin, a situation favoring 
deep root formation. The figure is considerably simplified for 
the plant forms a mat of fine, interlacing roots, the two longest 
being figured without horisontal branches. 

Blade spruce also grown on rocks so nearly bare that the trunks 
are only kept upright by the mutual interlacing of rooU of neigh- 
borinp; trees. In cro^^pinj^ portages near the heatlwaters of the 
Kawakashkaganii river n northern Ontario tho author has 
observed tliat where smoldering moss fires had burned the inter- 
lacing roots of the spruces, the uiiscorched trunks, deprived of 
their only support, were falling in every direction. In Ses^enega 
lake in the course of the same river, the black spruce grows on 
rocky islands. The supporting mat of roots is so thin and dense 
that one may cut through it down to the rock in a semi^drcle 
facing the lake and drag the enclosed "body of small trees out on 
the surf-uv of the water, where they will float for some time in 
an upright position. 

The consideration uf black .spruce may be closed by noting that 
the shallowness of the root system of a species is not, of course, 
im infallible guide to the extent of its northerly distribution. 
The root habit is but one of the characteristics that must be taken 
into consideration in accounting for distribution in the north. 
Black spruce, for ocampie, has a shallower root Qrstem than 
white spruce and prows in soils too shallow to support white 
spruce. Yet at tlie northern limit of its range black spruce is 
practioally a shrub (Doobauiit lake if)3°N. lat, 102°W. 1 mis ), 
Kath-Kyed lake (G2''4o'X. lat. 98'' W. long) while white spruce 
is a fairly large tree.' Beyond the mouth of the Nelson river 
black spruce is replaced in the cold swamps along the shoro of 

* Tyrrell, J. B., lieport on Doobauot, Kazan and Fergiwoo rivers and (he 
Borth-west coast of Hudson &ay. Ann. Rep. (Now Serios) Geo!. Survey Canada, 
Vol. 0, pp. 1F-219F. 1897. (J. W. Tyrrell was planfcHjolleetor on this ex- 
pedition.) 
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Hudson Bay by white spruce, which farther suuth does not grow 
in such situations. 

Jack Pine {Pinus Banksiana Lain. ; P. divaricata Gordon) is a 
decided eontrast to black spruce. It is found on drier soils, 
deeper soils and often appears after a fire on soil that later sup- 
ports white spruce. The individual represented in figure 1, 
of which practically all the roots are shown, was found on the 
high hill overlooking the portage of the Orand Rapids of the 
Nelson river (about ofi^lO'N. lat. and 1)(3°30'W. long.) Judging 
from experience, tlie frost line was not loss than 2 meters below 
the surface and since in this case there wa-s no sphagnum carpet, 
it was perhaps even lower. One long branch paralleled the tap 
root but became horisont^ a few centimeters below the surface 
of a Kyer of very dense, compact day. The tap root, however, 
showed no indication of becoming horizontal and, judging from 
othor trees investigated, the tap root of this species rarely, if at 
all, becomes extensively horizontal. Jack pino f2), also figured 
practically complete, was found on the lirule river in deep sand 
and shows no noteworthy difference from (1 ) with the excejitiou 
that no laterals grew parallel to the main root. Since no other 
tree taken in the north showed this feature it is possible thAt it 
has no significance from the present point of view. 

Jack pines have been found, however, growing on rock with 
very scanty soil. Trees in such situations occur on the east shore 
of Nipigon lake in northern Ontario. But in every case examined 
it was found that the roots penetrated fissures in the rock and 
did not U rm r, root-mat over the surface n the same way the 
spruces did. In conse<iuence, the occurrence of jack pine in 
these situations was only occasional. The long, horizontal, 
'surface roots, coup'ed with the deep tap root may indicate that 
the plant is able to utilise both surface and deeper water supplies. 

Jack pine is r i)i);.rently found as far north as deep soil is found, 
the limiting ice br.rrier in the ground being oft^ lowered when 
moss fires havo bared the surface to the sun's rays. It is possible 
that the shndinp produced the growing tn'es themselves may 
increasinjily liiiuier this suiruner thawing so that groves of jack 
pine niay later be killed ahuost sijnultaneously from this cause. 
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J. W. TyrrelP ( (^Heeled this species on the iiortli shore of Selwynn 
lake (about liOnS'N. lat., 104 WW. long.) only about 90 miles 
from the edge of the Barren Lands in that latitude, and at Thei- 
taga lake (about 59*32'N. lat., 101*'30nnr. long.) which is about 
70 miles from the edge of the Barren Lands, since they swing 
toward the south in approaching Hudson Bay. 

Jack pine appears to be fairly plentiful in the rolling, deep- 
soil conntrv' in tho bod of Lako Agassiz and rather rare ffis-tward 
and northward; which may ho due to the extreme shallowness of 
the soils outside this hik<> \m\. 

Tamarack {Larix Amtricana Michx; L. laricina (Dulloi) 
Koch.) is, in its root habit, essentially like black spruce and like 
the spruce does not appear to vary the habit with changes in the 
depth of the soil. The tree from wludbt the figure was tak^y was 
growing on the hill near the Grand Rapids portage on the iNelson 
river, in deep, thawed soil ; it was about 8 years old and is almost 
completely figured. It grows in low regions with frozen soil a 
few centimeters below the surface, as does the black spnjcc. 
Similarly it is a very northern tree, J. W. Tyrrell' encountered 
frequent individuals along the Telzoa riyer as far as Doobaimt 
lake (about eS^'N. lat., 102°W. long.), which is over 100 miles 
within the Barren Lands. 

Canob Birch {Behiia papyn'fera Marsh; B. alba L.) is appar- 
ently another shallow rooted plant. Tlie one figured was found 
on the shore of Witchai lako (about 55°54'N. lat., OG^SO' W. long.) 
in fairly dorp soil with the frost line nearly two meters below the 
surface. 'i'h!s ligure only show.s the small terminal roots on a 
few of the root branches aud only two of ihe main roots are 
shown, the others being similar; few in number, long and little 
branched. Hie tree was about 26 years old. Characteristically' 
the roots are almost bare of small roots exc^t near th^ tips. 
It is also a tree of the far north : J. W. Tyrrell* encountered it up 
to the edge of the Barren Lands. Trees large enough for canoes 
were found at the north end of Selwynn lake, mentioned above. 

White Spruce (Fic£a Canadensis (Mill.) BSP; P. nlhn Link.) 
has apparently a more flexible root habit. The plant figured as 

* TyrrelU J. B., ioc. ctl. 
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(1) was found in the deep ' il on the slope of the hirj»;e island in 
Split lake, mentioaed, abu\ e. It is practically a complete figure 
of tbk fleven-yeaiH^d tree. Figure A' repioBMits root A, v^ed 
from above. Althoui^ the depth of this particular individual 
IB scarcely less than that of the much okler tree figured in (2) 
it is possible that it really does represent a difference in habit, 
a possibility which cannot be confirmed because of lack of in- 
fonn.ltion concerning the root habits of large \Nhito spruce in 
deep soil. In this locality, sj)ruce roots were found about a 
meter below the surface and this individual was selected to show 
the bending of the tap root at a level determined by some cause 
aij yet unknown. 

This habit of the white spruce is decidedly diff^wnt from 
that exhibited by it in a shallower soil. Figure 2 shows a part 
of a root QfStem with the thick trunk and one of the main roots. 
Only a verv «tmall part of this excoedinp;ly extensive root system 
is shown: the ronf« r^mnin about the same in thickness for some 
distance lieyond the imnts of the figure, allhough much branched 
and iuany meters long. This tree was about seventy years old 
and was found on a large island in Split lake near the Hudson 
Bay Company's post. One of the noteworthy features about 
this system is the abruptness of the transition of thick root to 
thin root, even without branches. In the case of a tree 11.8 
meters high, no roots were found below 35 cm. and none over 2 
mm. in diameter below 26 cm. In another case a tree 14.8 
meters high had only two roots over 3 cm. in diameter at a dis- 
tance of 25 cm. front the tree and a depth of 14 cm. In these 
shallow soils it apparently forms no tap root, roots of nearly equal 
sises radiating from the common center. 

In the south of Canada white spruce is an inliabitant of the 
dryer soils, seldom being found in tlie muskegs with the black 
spruce. J. B. Tyrrell* records its presence as "fine, large trees* . 
at Boyd lake on the edge of the Barren Lands (about 61°3n'N. 
lat., lOS'SO'W. long.) and large tree's were noted ahi tost down to 
Doobaunt lake on the same riyer. about 100 miles within the 
Barren Lands. Drifted trunks of large trees were found ui iha 
junction of the Thdew river and the Telzoa river (about 64"35^N. 
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lat.. 101*'\V. loii^. i ahoiit 240 miles within the Barren Lands. 
On the coast of liutlson Bay it replaces black spruce in the wet 
Bwamps. Whether these swamps are bogs is, however, uneort^n. 

It would seem that the root habit of white spruce should be 
classed as rather flexible, for it is very shallow rooted in thin 
soils. 

Balsam Poplar (Populiis balsamifera L.) maintains several 
trees on the same general root system, as indicated in the fijjtire 
in which all were over twenty-five years old. These (and pre- 
sumably there were others growing on the same root system) 
were a few meters distant from the white birch, described above. 
In spite of znany attempts, no young trees were found, each small 
tree being but a branch of a laigra* one some distance away. The 
general habit of the roots is indicated .'n the figure, although only 
one is shown. These roots penetrate a short distance votically 
and then send horizontal branches whirh sooner or later repeat 
the process until impenetrable soil is reached. These roots are 
often found \ ery close to the frost line. It would seem, from the 
general ai)]jearanco and the habitats that this root system is a 
more or less flexible one, but one that can never live in such 
shaUow soils as the white spruce can thrive in. J. W. Tyrrell 
found it no farther north tlian the north shore of lake Athabasca 
(about 50''40'N. lat., 109-110'W. ong.) over 150 miles south 
of the Barren Lands. 

White Pink (Pinus strobus L.) is essentially a deep rooted 
fonn. Its tap root penetrates vertically with few far-reaching 
laterals. Another feature that seems to be noteworthy is the 
characteristic bunching of the roots so that but a small horizontal 
area is covered. It may be this characteristic that prevents its 
establishment in dry soils where a genninating seed is dependent 
upon surface water. This individual was taken in the deep, 
sandy soil near the Brule river. It is never found very far 
north of the li^ iglit of land separating the lake Superior from the 
Hudson Bay drainage. 
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GENERAL CONCLUSIONS 

The forrjz;()ing discussion may be suirmuMl briefly. Root systems 
may be classified as deep wh( ti tlu> habit is centered about amain, 
deeply penetrating tap ro(»t : sluillou w hen this tap root is absent, 
and the roots remain near the surface of the soil. Various degrees 
of transition may be n^cognizcd 1>ut the important point, if true, 
is that some trees iiave a verj' rigid root habit, while with others 
it is more flcsdble. De^ root systems of an inflexible nature 
can not produce large trees in ediallow soils, whether the shallow- 
ness is caused by rock or ice. Trees whose root systans are 
flexible and are not too deep rooted in deep soils may endure 
shallow soils. The degree of flexibiUty of habit and the degree 
of penetration in deep soils may detennine the northward dis- 
tribution of many plants reKanlless of relations between the 
plant and its euviroimieut that may exclude other species from 
those regions. 

Of the species examined, Black Spruce, Tamarack and Canoe 
Birch may be classed as having a rigid shallow root habit; White 

Spruce a flexible shallow root luibit : Balsam Poplar a deep, 
flexible root habit; Jack Pine and White Pine a deep, rigid root 

habit. 

Other differences l)ct\veen the m * habits that are evident 
from the figiir»>s are ()initt<Ml from (iiscussion as having no ap- 
parent bearing on forest composition in the far north. 
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A PROMISING CHEMICAL PHOTOMETER FOR PLANT 
PHYSIOLOGICAL RESEARCH* 

GHAItLES 8. BIDOWAT 
Bureau 0/ Plant Industry, U. S. DeparlmmU of AgricuXlliT* 

Botanical literature is replete with references rep^ardinp: the 
ofTect of light upon plants from the \-iewpoint of the physiologist, 
the anatomist, the histologist, the ecologist and thci^culturist. 
Numerous methodts and instruments have been devised and 
used, and with some success, for the detenmnation <if the inten- 
sity or nature, or both, of the insolation of 'the plant under 
obsOTvation. So far as the writer is aware, all of these methods 
and mstruments are possessed of objectionable limitations, eith^ 
in reliability, initial cost, or cost of operation. It seems advis- 
able, therefore, to call attention to a photometer whif It. •>t the 
present stage in its trial, at least indicates its practicability in 
connection with iiucstigations of the light relations of plants. 
Allusion is had to tlie use of oxaUc acid and uraiiiuiu salts as 
advocated by Dr. Raymond F. Bacon.' 

Through the courte^ of the Weather Bureau of the United 
States Department of Agriculture and with the kind cooperation 
of Prof. H. H. Kimball, of that Bureau, some ccnnparisons have 
been made of the records obtained by the Callender pjTheliom- 
eter with (lie results of exposures of the chemical photometer, 
with ttie idea of standardizing the latter. 

In testing out the chemiical photometer, the writer used 
uranium acetate and oxalic acid in the proportions of one part 
by weight of the former to twenty of the latter; that is, 5 cc. 
of a 1% (0.023 molecular) aqueous solution of the uranium salt 
to 20 cc. of a 5% (0.71 molecular) aqueous solution of the acid. 

* Publubcd also in The Monthly Weather Review, March, 1918, IS: 117-110. 

' Bnoon, II. F., A solution of ox:ilit- :h id und uranium nito 48 a chemicftl 
photometer. Philip. Jour. tici. A; 6 : 281-303. 1910. 
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(In most of hia experiments Dr. Bacon used a proportion of 1 
to 10. In the present tests, however, the amount of oxalic acid 
wa*-' iTurpased in order ttiat long exposures might be made.) 
Tin si lutions were brought together m Florence flasks of KX) cc. 
capai uy, plugged with loose wads of cotton,' and the flasks so 
adjusted in holes in a blackened hoatd tliat the surface of the 
liquid in each flaak was Audi with the upper surface of the boardi 
the neck of the flask being inclined to the north so that no 
shadow would be cast upon the liquid. This method of exclud- 
ing the light from the sides of the flask was adopted in order 
that only the horizontal surface of the licjuid would be exposed 
to the sunlight and thereloy be more nearly comparable with 
the horizontally exposed receiving portion of the pyrlieliometer. 
After exposure the oxaUc-^id-uraiuum-acetate mixture was 
titrated with potasahun pomanganate (2N solution) in the 
foUowing manner: the mixture was increased to a convehient 
volume for titration, either in the original flask or after having 
1 1 f n transferred to a beaker, by the addition of distilled water. 
The volume to be titrated was then heated to 70°C., made 
strongly acifl bv the addition of 1:1 sulphuric acid and the 
potassium pennanganate end-point determined while the solu- 
tion was still hot. Though Dr. Bacon states that he removed 
the uranium salt before titration by the atldition of a slight 
esccess of ammonium hydrate, the writer found that aliquots of 
the same solution gave no differences in the amount of oxalic 
acid present, whether the uranium was removed or not, and, 
therefore, did not use the ammonium hydrate. It was. found 
that in cool weather a 10'^ solution of oxalic acid became suppr- 
saturated, when the temperature dropped during the niglit, to 
such an extent that the stock botth^ containcnl crystals the 
following morning when it was de.sired to make up fresh mix- 
tures for exposure. Because of this fact it was necessary to use 
double the quantity of a 5% oxalie acid solution. 

' The flaslu could not b« completely closed since Dr. Bacon says, "For all 
practical purposes the deoompOBttion of oxalic acid UDder the influence of uranyl 

salta may ht- a.-sumcil (i> take place as follows: HiCiO« — ♦ Cf) + Tf), -\- H,0.'* 
Some outlet, therefore, waa necessary for the escape of the gases generated. 
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A smfs of thirteen comparisons of the eheiiiica.! photometer 
witli the j)jTheUouieter was run duiing the months of May and • 
June, 1917. The length of exposure of the sohitioii ranged 
from dght to twenty-four hours, althou^ in most oases the 
flasks first exposed after dark in the evening and taken in 
after dark the next evening, giving an exposure of a full twenty- 
four hours. 'Hie ratio of the number of cnlorics recorded by 
the pyrheHomt'tcr to the number of grams of ((xalic acid decom- 
posed, for each < xi)osur(\ th<> mean ratio of all tlic <'\posures, and 
the percentage departure uf t?ach from the mean were computed. 
It was found that, with a mean of 978 for aU the exposures, in 
nine cases the deviation from the mean ranged between 0.2 
and 3% on either side, and that of the four other exposures, one 
was 6% below the mean and three were 5, 7 and 8% above, 
respectively. 

Tests to detennine the stabiUty of the oxalic-acid-uranium- 
salt mixture in the dark, both before and after exposure, were 
ma<le repeatedly and indicated that no appreciable di'eoinj)osi- 
ti(m of the oxalic acid takes place within tiiree days if the mix- 
ture is kept in a dark cl(^t. The effect of the diffu^ light of 
the laboratory was also tested. The results showed that it 
would be necessary to expose the photometer for several hours 
in order to effect a measmable decomposition of oxalic acid 
when, the proportions mentioned above are used. The tempera- 
ture coeflRcient of the reaction was disrefrarded. since Dr. Bacon 
states that for a remarkably wide range of temperatures this 
factor ne<Hi not be considered. j 

One apphcation of the chemical photometer was demon- 1 
strated, at least to the satisfaction of the writer, in detennining 
with it the transmission coeffici^t of a piece of tobacco shade 
cloth of 12 by 12 mesh in connection with investigations of the 
light relations of the tobacco plant. A flask containing th(^ : i : 
ture was exposed (from 9.30 a.m. to 2.30 p.m. on March 21, 1917, 
a cloudless, bright day) to th(» sunli<2;ht which passed through 
the flolh stretched over the South side and top of a small 
frame. During the same period a second flask was exposed to 
.uninterrupted sunlight and a third to the light of a portion of 
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the north sky together with aome reflected li^t from a low white 
wall opposite the north window in which the last-mentioned 

exposure was made. At the end of the five hours the three 
flasks were titi Htt d and the decomposition of oxalic acid (0.229 
gram) in the full\- insolated mixture was taken as 100%. The 
decomposition in \\w sluulcd flask (0.121 {jrnm) showed that in 
passing through the cloth the phoi»)cheiuical etlvci of tlie light 
as measured by tlus reaction had been reduced to 47,2%. The 
decomposition in the flask exposed to the north light was 0.029 
gram, or 12.6% of that which took place during the same tame 
in the flask in direct sunlight. The figure for the transmisedon 
of the shade cloth is nearly the same as its coefficient, as deter- 
Tninod by Professor KinibaU^ with llio use of the Smithsonian 
silver disk pjThehometcr (42.7''",' at nurnml incidence) when it 
is considered that the fla.-^k under tiie eloth was subjecte<l to 
considerable reflected light from a white wall during the expo- 
sure. The same is true of the flask ^qMised In a north window — 
that is, the percentage of total light (12.6%) also includes some 
reflected light from the wall to the north of the flask. 

Experiments to determine tlie reliability of the solutions and 
the accuracy of titration of the oxalic acid sho\\ ('d, l)y the use 
of series f>f duplicate flasks exposed simultaneously, that there 
wore ni> ditiVrences beyond an experimental error of ±1%. The 
results of further experiments conducted for the purpose of 
measuring the intensity of the sunUglit on clear days, hour by 
hour, produced a curve veay similar to the records obtained with 
the pyrheliometer. This was true whether separate exposures 
of an hour eacli were made or aliquots were taken at the end 
of each hour from a continuously e3Q»08ed volume of the oxalic- 
acid-uranium-acctate mixture. 

From the tests outlined above, this chemical pliotoinoter 
seems to be aff"eetefl by light in a degree coin{)anibl(> to the 
pyrheliometer iii spite of the fact that the twt> iustruments 
doubtless are influenced by different portions of the solar spec- 

' Hcc Kimball, H. H., Tho shading effect of wire ini^eet cagea. Monthly 
Weather Review, September, 1916, M: SOIHSOS, for r description of his netbod 
of dctcrmtniiig ehading effect. 
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trum. Dr. Bacon cites several published articles tending to 
show that solution'^ of both uranium salts and oxaUe add pro* 
duce absorptinT) hands in that repon of the spoctnim charac- 
terized by short wavo longtlis, nnd mnkf'? the stfitrniPRts: 
" .... it niay bo considered as being fairly wfll e.-,tab- 
lished that the active rays from the sun measured by tliis solu- 
tion are in the ultra-violet/' and further, " .... I do not 
conmder that there is any good rea8<nL for classifying the sun's 
lays into infra-red or heat rays, visible rays, and ultra-violet 
or chemical rays, as there are just as many chemical reactions 
affects by light c(»ieqKiiiding to the visible and even infra-red 
parts of the spectrum as there arc by the uitra-\'iolct portion." 
in his Table V, however, the decomposition in a solution exposed 
in a quartz beaker was somewhat less than that in a similar 
solution exposed at the same time in a glass flask. Since the 
reaction does take place in a glass container, it seems probable 
that rays other than the ultra-violet are active upon the solu- 
tion. This se^ns even more certain when it is considered that 
of the total range of ultra-violet light (3920 to 1000 Angstrdm 
units) only those over 2910 units in length reach the earth and 
that none less than 3000 units are cnpable of passing through 
glass. It should be stated further that the rays over 3000 
imits iu length are not bactericidal and, hence, are probably 
the least active chemically of the ultra-violet portion of the 
spectrum so for as living organisms are concerned.* 

Grantmg that the chemical photometer shows the chemical 
effect of light belonging chiefly to the violet end of the spectrum 
and that the pyrheliometer records the heating effect of tha 
entire f?pectrum, with its maximum in the infra-red, it seems, 
froju tlie comparisons made, that the jiroportion {)f the two 
kinds of ra^-s commonly obtaining in ordinary sunlight is respon- • 
sible for the apparent agreement of the two methods of measure- 
ment in a majority of the tests. The cases of marked departure 
of the ratio of the' number of calories to the number of grama 
frcm the mean of all the observations are thou^t to be due in 
most instances to the occunenoe of clouds or base which affected 

* Ayera, H. S. and Johmon, W. T., The destraetion of biwtom in milk by 
altra>vio[et light. Ceotbl. Bakt. (etc.) Abt. t : Bd. 40; 1914, No. 1-8, pp. 109-131. 
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the intensity of the rays at one end of the spectrum to a greater 
extent than those at the other end. It may be stated, however, 
that it was thought advisable by Ftofeasor KiitibaU to discard 
some of the comparisons made because of the presence during 
the exposure of moving cumulus clouds which caused the record- 
ing pen of the pyrheUometer to move so rapidly that accurate 
evaluation of its curve was impossible. Another explanation 
of apparently discordant results lie? in tho fact that instruments 
of the recording pen type are liable to consitlerabie error by lag- 
ging, especially when actuated by widely different impulses of 
short duration occurring in rapid succession, such as the effect 
of moving clouds just mentioned. 

Until the question of the spedficity of fdiysiolog^cal effect 
upon plants of light rays of different wave lengths is eettied to 
the satisfaction of plant physiologists, it seems to the writer 
that a means of light measurement in {general by a cheinical 
method is greatly to be desired. The spectrum of a chlorophyll 
solution shows definite absorption bands in the red and orange 
and ahuost general absorbtion in the blue, indigo and violet 
with smaller bands interspersed in other portions. The pro- 
. jection of the solar spectrum for some hours upon a leaf has 
demonstrated that photosynthesis takes place most prominently 
in the reipon of the red and to some extent at other points, 
though few acceptable results indicating the effect of light of 
various wave lengths upon other life prwesses of the plant 
have been state<i.^ As far as light is concerned, phy.siological 
investigations deal, in the main, witli that factor in its totality, 
its effect upon plants being generally regarded as photochcjuicai , 
hence, the feasibility of the chemical method of measurement 
herein described, should future investigations confirm its seem- 
ing usefulness. 

» Richtcr, A. (in Rev. Gen. de Hot., 1902, p. 212) indicates that the amount 
of photosynthesiA in a leaf subjected to ntonochromatic light is a fdnetioD of the 
heat enprjn* nf thnt light :in<{ iii(!< i>eiult'nt of it^ wave length Rocpnt arO'rlea 
published in the Journal of Ex|jerinieittul ZijOlogj' by Dr. S. O. Mu«t deal wnth 
the Btimulating effect of different spectral colors upon lower organums. The 

bactrriridnl action of ultra-violet mys. which must He n function of WftVe length 
rather than heat, is well establifihed, Ayers, et al., loc. cit. 

ni KJUR WOBLD, TOb. SI, MOk 9 
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Some of the pr()l)HbU> iulvaiituges of the method are the ease 
and low cost with which it may be operated, the avoidance of 
complicated, costly and frequently unreliable mechanisniB, and 
the reduction of error due to the personal facttn* in obsovation, 
so prominent in the photographic paper method. The chief 
values of (lie chemical photometer, however, if its reliability is 
established, will lie in the facility with which several exposures 
may ho made simultaneously under various depjoos of illumina- 
tion and tlic fact that the solution gives an automatic integra- 
tion for the time period of exposure. Tim automatic exposure 
of vessels containing light sensitive solutions by the use of clocks 
has been accomplished by Stone' and a similar arrang^ent 
may be advantageous in connection with the one just described. 
Thou^ plans are made for furUier work with the Qscalic-acid- 
uranium-salt photometer during the roniing growing sf»ason, 
it is hoped that it will be carefully investigated in its ajjplication 
to problems in plant {jhysioiogj', especially witli referenro to the 
correlation of its ]iroperties with the various life processes, 
since such research, tliougli attractive, lies without the province 
of the writer in his present field of activity. 

•Stone, G. E., The relation of light to greoobousc culture. Maw. Agri. 
Expt. Sta. Buli. 144, July, 1913. Though the result! of meaaurementa of light 
by a photoehemteal tMthod are stated, the dctaila of the method are not given. 
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Prothallia of Tmesiptekis. — III a Dacrydiiun-Podocarpus forest 
of Stewart Island, wboee vegetation, in g^nend appearance, "n tufi- 
gestive of an age when Gyninospernis and Pteridophytos were domiiuuit 
rather than Phanerogams." and in forests of Westorn Nt w Zralaml, 
Holloway' has discovered minifrous prothaUi of Tmesiptens growing in 
humus on fallen tree trunks and as epiphytes on the tree ferns Dick- 
aonia and Cyathea. The tree fern Diekaonia, beeaiue of favorable ^- 
temal anatomy, affords a comparatively easy aubatratum to search, 
and the writer was able to find between 60 and 70 gametophyt^s in 
various stages of <it'\elopnient. Search for fhr profhalli is rendered 
difficult on account of their subterranean location, the dense growth 
of Tnieaiptcris due to vegetative icproduction, and the gcnnination of 
sporM only under the most favorable c<mdition8, and but few of these 
rare and important stages in the life cycle of Tmesipteris have be^ 
reported. 

The prothallus is cylindrical in form, brown at fin>t l«ut heconiing 
darker with age, 1 to 18 mm. in length; it is covered with numerous 
long, golden-ycUow rhizoida, never reaches tiie Hg|it and is destitute of 
chlorophyll. The unbrandied, carrot-shaped f<Hin eventually branches 

dichotoniously or trichotamously, and one of the branches thus formed 
nifiy branch n^nin. Fifrures showing the unbranched prothallus re- 
semble in outline the illustration of the gametophyte of Helminth- 
ostach^'s, while those of the branched forms appear like the game- 
tophyte of Ophioglossum figured in CampbcU's Mosses and Ferns. A 
mycorhiza is pres<*nt in the central j)ortion of the prothallus, but the 
fniipus-iiifestcd region does not form a definite zone like Ih.it of Lyco- 
podiuni gametoplu'tes. The <M)iidilion of f he*prothalli found indicates 
that the spore genuinates into a lilament about three cells in length 
whidb gives rise to a mass of cells probably comparable to the primary 
tubercle of Lycopodium eemutim, but instead of a filameut, this mass 
is 8ucceede<l above by another larger swelling, and so on to the apex of 
the pametophyte wliirh is bluntly rounded. O'.wth of the gameto- 
phyte IS not checked by the pruiluctioii of a sporophyte. 

' flnlloway, Kev. J. V. . 1> Sc The prothallus and young plant of ToMflJp- 
terig. Truus. ut the New Zcaliitid Institute, Vul. L, 1917. 
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Sexual organs are diattibuted over the entire surface as a nile, «1- 

though in a few castas, one surface was quite ficc from both sexual or- 
gans and rhizoids, thus suggesting dorsiventrality. Both antheridia 
anci uiciiegonia are found in large numbers iuterauugled on the same 
g^uuctophyte, arising in ftcrepetftt suooenioii from the apex. The 
anth^dia form honispherical protuberanoee when mature; the arefae- 
gonia have straight projecting necks which lat^r are cut off so that the 
appearance is mi id i altered, — a condifioii that liat< been misinterpreted 
by Lawson.- Mature antheridin prt'seiit an appearand- similar to the 
marginal antheriUiu of E([uisetuni in their projecting nature; tiiey pos- 
sess a quadrangular opercular cell whieh disintegrates, aUowing the 
escape of the sperms. The projecting portion of the antheridial wall 
originates from the primary wall cell and is one cell thick; the basal 
part of the wall comep from the cells bordering the spennatogenous tiS"- 
sue which develoi)8 from the inner or primary spennatogenous coll. 
Unfortunately neither sequence of cell divisions nor spermatogenesis 
was worked out, nor does either description or figure reveal the tjrpe of 
sperm. In archegonial development the primary neck cell produces a 
neck of three or four tiers of four c( lis each, which eventually is eut oflF. 
The author states thnt he failed to determine the sequence of divisions 
here also, but that a basal cell Lb not formed. 

Fertilisation is not taken up. After enlarging considerably, the fer- 
tilised egg divides equatorially into epibasal and hypobasal ceils, and 
the hypoba.sal half again divides by a vertical wall. From here on the 
sorpiencc is uncertain so fnr ns the paper is concerned. .\n apicnl cell 
is formed from tissue developed by the epibasal cell according t<» the 
writer's interpretation, thus suggesting Equisetum and Ophioglos* 
sum, and disagreeing with Lycopodium, while the hypobasal cell gives 
rise to the foot . The latter consists of numerous, finger-like haustoria 
whicli ])enotrate tlio gametophytic tissue and are in close relation above 
with the niain \ ascular strand of the sporophyte. Ju.st above the foot 
is a meristentatic zone vvl^jcb the writer is unable to interpret. No coty- 
ledon appears, the first leaves coming in late in the form of scales, from 
segment of the apical cell. The young rhisome is a monarch protostele 
Avhieh passes into a siphonostele with several xylem groups, in the older 
rhizomes a condition "in no wise occRsioned by any branching of the 
stele." The mesarch condition is the highest level reached. No scc- 

' Liiwsoi). A. A., The i>rothiilIui$ of TknonpterM taaaensM. Trsm. Roysl 
8oc. Kdin. 51, pt. iu: 785-791. 1»17. 
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ondaiy xylem w.is fr)und as described for Psilotum. The writer eon- 
dudes with remarks on the relationfihips of Tinesipk-ris. 

Tn thf opinion of the reviewer, the importance of the material in- 
vestigated merits more curoiui work in illuHtrations. Inked lines are 
dten inefxaplete, inegidar in bteadth, and are omitted altogether from 
the angles of marginal cells of several figures. The writer also is to be 
criticized for his use of "loose" terminology. The term "plant" nbvi- 
ou.sly applies to the gametophyto as well as to the sporophyte, yet he 
uses it for the sporophyte only. It is to be regretted that complete 
serieB cf seetioos eould iMi have bean obtained from such an abundance 
of material, espeeially in the study of the early embiyo. Howesver the 
paper is a very valuaUe one, and doubtless the writer will be aUe in 
later work to close the gaps. — J. G. Bbowk. 
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NOTES AND COMMENT 

The appearance of the first number of Botanical Abstracts should 
serve to stimulate interest in this publication, projected less than a 
year ago. Over two hundred p ipt is are abstracted in ten of the de- 
partments into wliicli botany has Ix'cti (livicl«'<l for «'(litorial purposes. 
The initial number is a splendid proof of the wiiliiifini'ss and ability 
of American botanists to furnish mat<?rial for a general reviewing or- 
gan, and it is also an eloquent testimonial of the aubstantial uaefufaieaa 
of sudi a journal The monberB of the editorial board of Botanioal 
Abstracts have now done their part in making it an actuahty. Its 
continued appearance depends upon every l)otanist in thi' United 
State-s doing his part to secure support for it, through either personal 
or institutional subscriptions. The temper of mind among Amcricao 
men of sciraoe is now such that we are scarcdy willing to dep^d on 
reviewing oi^ans that are published in fordgn languages on an ex- 
troneiy tardy schedule. 

Mr. George B. 8udwor(li has continued liis treatment of the conifers 
of the R(Ksky Mountain region in a Bulletin of the Departmwt of Ag> 
riculture (No. 680), covering the genera lAirix, Ttuga, Pseudoimtiiaf 
Lilincfiinis, Thuja, and Taxus. The form of description and maps of 
distribution are similar to pre\iou8 bull««tin5* in th\^ series. A more pop- 
ular treatment of the conifers of the northern Kooky Mountain region 
has been published by Dr. J. E. Kirkwood (Bull. 1917, No. 53, Bureau 
of Education). Hiis is a very successful presentation of the botanical 
and ecological features of these trees from the educational standpoint. 

Dr. I'rank ( Hakcr has published an extended paper on The I'ro- 
duetivity of liivet lvbiaiei isli Food on the Bottom of Oneida Lake, New 
York. Althou^ written with special referrace to moilusks this paper 
contains much that is of interest to the general ecologist as well as to 
the student of aquatic and palustrine vegetntioi). The prineipal plant 
communiti(>8 nra described, and three maps of the vegetation of the 
lake are given. 
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THE ORIGINATION OF XEttOPHYTISM 



D. T. MaoDOUGAL AMD H. A. SFOEHE 
Tk0 DntH Ldboratori/t Tuemm, AriMona 

Tb» part played by aridity as an evolutionary factor in tbe 
deitvation of leuad forme is ureil recognised by students of phy- 
logeiy, and the general changes in morphology which ensue in 
plants which move into areas with a lessened water supply 
have been desrrihprl in a ^systematic manner by Bower,* while a 
disnission of < crtuin f* uture.s of the subject was presented by 
one of the authors in this Journal in 1909.* 

It is clearly recognized that only plants showing specialized 
habits coupled with well defined anatomiesi features may con- 
tinue to edst in places having pronounced desert conditions. 
Furthermore, the idea that aridity stands in a causal relation 
to the characters of desert vegetation bulks large in determining 
our thinking of these forms. 

Tt is to be seen however that the matter ha5! been dealt with 
IutIk rto as if the effect of aridity did not make an impre&sion 
upon the plant, its living matter, or aceessory stnietures di- 
rectly. The combined effects of rapid evaporation and unde- 
veloped drainage in desert regions has resulted in the accumula- 
tion of a greater proportion of salts in the boS\b than in irdl 
watered and freely drained soils, and the strand habitats of the 
sea-shore succulents are also high in salts, and this ha.": caused 
attention to be directed to the possible effects of these substances 
in inducing the succulencr if pluits both on strands and in the 
desert. The formation of ilu- >piny plants of the desert \va>: aL*0 
attributed to the possiible osmotic action of these substances. 
Meanwhile the senior author has consistently looked to the direct 

i Bower, F. 0. Origm of » laud flora. lOOS. 

* MMDoagal, D. T. InflneMW of aridity upom tlw vvoltttioiiftry developiiMBt 
ofplanto. Tlw Flut World IS; 217. IflOS. 
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effects of aridity for the induction of both succulence and 
xerophytism. 
Thus it was said m 1914, 

A general paiallel is oUered by the behavior of a dish of hydrated 
gdatine which may be ocpoaed to the air under hig^ evaporative eondi- 
tiooa. If the conditions of deaiocatioa were of the intensity of the 
desert, the outer surface would soon become coagiilntwl and the hard- 
ened surface would thus effectually check the loss of \\at(>r from the 
layers beneath. This in the final analysis is what takes place in the 
body of the plant/ . , . . and the coineidenceB are so sweep- 
ing and univeisal as to suggest that a causal connection is preset.* 

This geueral idea however had but little weight, as it did not 
include any explanation of the mechanism of the luiplied changefi. 
It would seem to require no ai^unient to establish the statemeiit 
that any form or condition of the plant dependent upon its vater- 
relatbuB would be directly connected with the imlnbitiooal or 
water-holding capacity of the cells. It has long been recog- 
nised that the structure and chemical composition of a plant 
may be modified by its water relations (hirm*r ejowth, but until 
recently available analyses did not include data upon which 
any explanation of the present problem might be ba-sed. This 
was finally found in the carbohydrate metabolism, and in the 
jmbibitional action of the mucilages and proteins in plant cells. 

If we tuiB to the previously available analyaes of plants and 
examine them for the purpose of determining changes in the 
carbohydrate content as influenced by humidity and arttity» 
some facts of great interest are encountered. The representative 
data of "^rhloesing show the following features of tobacco plants 
grown in dry and moist atmospheres. 
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These figures show a greater amount of cellulose and a lesser 
amount of starch in the plants devdoped in the drier atmoephere.* 

The poeeible fiignifieance of the tnmsformations in question 
was not realised however until a long series of detailed analyses of 
the sugar content of the cacti was made at the desert Labora- 
tor}'. Determinations were made in all stages of development 
of the plant, in all the seasons and of material subjected to 
variout* experimental coiuhtions. Prominent among the \'ari- 
ous transformations is a chauge of polysaccharids into peuto* 
sans or mucilages, a eonv^on of carbohydrates of but little 
hydration capacity, mto others which have a laige coefficient 
of imbibition. Tins change, when accompanied or followed by 
the increase of the cells, results in succulence. Not all plants in 
which such transformations take place become succulents, but 
two species have been observed in which individuals growing 
under arid conditions become succulent and those elsewhere 
maintain their mesophytic character. One, Castilleja latifolia, 
waM found to be characterized by a higii acidity of the sap in the 
thin leaves, and a low^ addily in the succuloit individuals. It 
is suggested that plants which have a type of respiration result- 
ing in a large propcniion of residual adds may be capable of 
succutoocy, but this is a matter which has not yet be^ substan- 
tiated by any facts beyond those citwi.* 

*rhe depletion of the water supply may, under circumstances 
as noted above, re^sult in the conversion of polj'saceharids into 
pentosans which take up and hold in a mucilage large proportions 
of water. This of course is but one of the possibilities. Under 
other oonditions a'low water content causes the formation of the 
anhydrides, of which wall-subBtance or cellulose is an example, or 
more properiy speaking such action is inopeased or accelerated, 
and the plant structure thus becomes hard and indurated, and 

* Scbloeaing, Tb. V^gfitation comparto du tobfto lous glocke k I'air libra. 
Cooipt. Hand. Paria 69:363. 1880. 

' MaoDougal, Riebardi and Spoebr. Tha baiia of aueeuleiiea. Boi. Qaa. 

In prcflfl. 

Spoehr, H. A. Tho pentose sugars in plaot metabolism. Plaot World 12: 

tn, mi. 
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such use of its carbohydrates is of course accompanied by a 
limited growth, particululy in faiaiieheB and leavoB wheie the 
effects of aridily would be greatest. 
The separate types of tnuusfonnation of cari)oh3rdnite8 might 

take place in the same plant, in different cells. Thus some of 
the massive cacti have shoots frcim which the power of branch- 
ing has been entirely lost and the stems arc rndured to short, 
cylindrical, .swollen or globoi»e forms. The external layers of 
such plants exhibit the typical xerophytic anhydrous wall-forma- 
tions while the cortical elements have been the scene of transfor- 
mations ol sugars resulting in sueculency. 

It has been suggested above that succulence based on the 
conversion of polysaoeharids into pentosans may occur in plants 
> with an incomplete type of respiration which is denoted by 
large proportions of residual acids. The probablHty of this 
suggestion rests upon a wealth of determinations nf the acidity 
and sugar content of the cacti and of Mesembryanlheinum. Simi- 
lar full and detailed analysetj of xerophytes are not yet available. 

An examination of the metabolism of these plants would in 
all probatrility reveal physical conditions which facilitate or lead 
to exaggemtion or acceleration of the fonnation of anhydrous 
wall material. 

The exposure of a plant to arid conditions might be expected 
therefore to be followed hv a retarded development due to the 
lack of water necessary for the hydration of cell colloids in 
growth, by the accelerated formation of pentosans or mucilagi- 
nous material in the cells, leading to hypertrophy of the paren- 
chymatous elements, or by the increased formation of wall 
matoial, espeiaa31y in the external Uyen constituting the es- 
sential feature of xerophjrtism. One or all of these responses 
might be exhibited by plants under experimental conditions, and 
the subject is one which deserves the renewed attention of the 
experiment nlist." The results now available consist chiefly of 
data for anatomical comparisons. 

■ Eberh&rdt, Th. lafluence de Tair lee ot de I'air huaud« 8ur la forme et lOr 
la atraetura dei v6g6Uux. Ann. 801. Nat. VIII. 11:61-158. pi. 1. Jan. ItXKI. 
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The conclusions reached in this and in previous papers are to 
the effect that sueculmee remits from the convenion of puly- 
saccharids into pentoeans or mueUages, and xerophytism from 
a conversion of the polysaecharids into the anhydrides or wall 
material, both transformations being induced by a depleted or 
leieened water supply in the cells. 
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THE CLASSIFICATION OF SYMBIOTIC PHENOMENA 

W. B. McDOUOAliL 
Univertilif of Jttinoitf UrtanOj /Utiiofi 

Biotic factors have received much less attention from modern 
ecological workers tiian they deserve. One result of this is a 
lack of any general agreement conceniiiig the status of certain 
common pJieiiomena and etHMenung the meaning and scope of 
certain concepts or terms. One of the terms whose scope and 
tlefmition varies greatly with different writers is sjonbiosis. 
This word is defined in text books in a great variety of ways 
ranging from a very narrow sense to the broadest possible in- 
terpretation. That this is true m evidenced by the foliowmg 
quotations taken somewhat at random from authors whose 
books are available to every one. 

Campbell (2) states that '*a special form of parasitism called 
symbiosis is exhibited by some fungi" and cites lichens and myco- 
. rhizas as examples. This is probably the narrowest sense in 
which the term will be found defined, since it is made subordinate 
to parasitism, th(nigh prohnbly Campbell's conceptiqnof symbioos 
is not (iitferent from that of numerous other authors. 

Cianong (7), writing of mycorhizas, says: "And accordingly 
we have here one of the cases where two different organisms de- 
rive benefit from their association, a condition called symbiosis." 
The further discussion by Ganong shows that he interprets this 
definition in a very limited sense. 

Curtis (4), also writing of mycorhiza«:, tells us that "this state 
where two or more plants live together is termed symbiosis." 
This sounds like a broad definition hut the interpretation of it 
by Curtis limits it to such classical examples as licheoi^ aud 
niycorhizas. 

Ilai.^hbergcr (8) says: "Some fungi are symbiotic, that is, 
they are found in intimate relation with chlorophyll-containing 
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fdants and obtain from them food of a eatfxmaoeous chaxacter 
but without apparently injuring the green symbiont." lichens 
and mycorhisae are cited as examples. 

Atkinson (1) states that "symbiosb means a living with or 
living together, and in said of those organisms which live so 
closely in connection with each other as to be influenced for 
better or worse, especially from a nutrition stand-point." This 
obviously includes all para^'itism under symbiosis. 

Cowles (3) defines symbiosis thus: "W iieu two or more di- 
vene ovganiflms live together in more or less intimate relation- 
ship the phenomenon is tenned symbioslB. The phenomena in- 
cluded under symbiosiB may be conveniently grouped under the 
subheads parasitism and commtfisalism." 

Warming (11) does not give a concise definition but in a foot- 
note he says; "A somewliat extended significance is here given 
to the term symbiosis." He then Include in his discussion of 
symbiosis practically all of the interrelations of plants with each 
other and with animals. 

The above quotations are enou^ to show that there is eondd'- 
erable variation in definition and in the kinds of phenomena 
included under symUosis in the writings of presentrday woikets. 
Let us now turn our attention to the earlier writers. 

Obviously the surest way of getting at the meaning of the 
word as understood by the earlier writers is to obtain the opinion of 
the one who first introduced the term to botanical literature, 
namely DeBary. De Bary (5) defined symbiosis broadly as 
the living together of HiaaimiUr organisms. " . der 
Ereheinungen des Zusammenlebens ungleichnamiger organismen, 
der Symbiose, wie man kurts and algemein sagen kann." That 
he regarded it a broader term than parasitism is shown by the 
fact that he says: "Die bekannteste and exquisiteste Erschei- 
nung der Symbiose ist der Volstfindige Parasitiamus " 
The further discussion by \)o Bary proves beyond a floubt that 
he intended to include under synil)iosis all phenomena, of the 
intimate association of dissimilar orgamsnis. He mentions, for 
instance, epiphytes, Azolla and bluegrecn algae, pollinating in- 
sects and flowers, etc. If, then, this repres e nts accurately De 
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fiaiy's idea of synMom, how has the defisitioa become sa 
limited in the minds of many modem writen? Periiaps it is 

useless to speculate on this question but it may have come about 
in the following way. 

The paper by I)e Hary. from which the above qiiotalions were 
taken, was published as a separate and is not f und in many 
libraries. Probably, therefore, many of the modern writers have 
never seen the original article. Several pages in this article 
are devoted to the relation between fungi and algae in lichens. 
The knowledge of this relation was new at that time and for 
that reason this port of the paper attracted most attention and 
was most emphasized by those who later had occasion to refer 
to the publication. .Tost (12), for instance, makes the stat^ 
mont that De Bary first used the word ^j-mbiosis in connection 
with Uchens. Now the relationship between fungi and algae in 
lichens was thought t o be unique and entirely different from para- 
sitism. It was a fine thing lo talk about to students. It was 
only natural, therefore, that symbiosis should come to mean in 
the minds of many only that supposedly unique sort of ration- 
ship represented by lichens. 

At present, of course, it is well known that the interrelation • 
between, lichoi-fungi and algae is not essentially difTercnt from 
ordinary parfi'^iti^m. It is merely what has been called recipro- 
cal parasitism m which each organism is a partial parasite on the 
other. Therefore we would have no need at all of such a word 
as symbiosis if we were to limit it to the few known cases of 
reciprocal parasitism. It is a very handy word, however, 
when employed in the sense in which De Bary used it and should 
by all means be retained with that meaning. 

There have been but few attempts to classify the phenomena 
that should be included under symbiosis. De Bary (5) himself 
mentioned various types of symbiosis but he did not elaborate 
iil)()n their classification. Lundstrom (9), classifies symbiotic 
plant structures as follows: 
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Ssrmbiotie fltruetures of ptimte. 
Ceddia (antagonistie qrmlHoatt). 

Zoocecidia (caused by animals). 
Pljytocecidia (caused by plants). 
Mycocecidia (i.e. Synch ytrium). 
Phycocecidia (cephalodia belong here). 
Domatia (mutualistiG ^ymbioos). 

Zoodomatia (inhabited by animals). 
P!^odom;\tia finhabitcd by plants). 
Mycodomatia (i.e. root tuberdes). 
Pliycodomatia (i.e. Azolla). 

This clasaification, while it served tbe author'a purpose faiily 
well, ifl too tncomplete for our present purpofles.suioe it leaves 

disjunctive ssymbiosis out of consideration entirelj'^ and does not 
offer 8 ^ritisfactory place even for such tilings a.^ licliens, the 
cepha! (Il l of course, being merely cecidia-iike structures occur- 
ring upon lichens. 

Pfeffer (10) recognizes both conjunctive and disjunctive sym- 
biods, but lie does not cany the classification further; and the 
same might be said of several other authors. 

Gager (6) has recently classified symblotie phenomena as 
follows: 

1. Disjunctive or soeial 

A. Nutritive (ant.s and fungi) 

B. Non nutritive (insects and poUen) 

2. Kpiphytism 

3. Mutualism 

4. ParasttiBm 

WTiiic thi.s classification is broad enough to include most sym- 
biotic phenomena it appears faulty in certain respects. Polli- 
nating insects and flowers as an example of non-nutritive disjunc- 
tive symbiosis does not appear well chosen siiic(^ in the great 
majority of cases insects visit flowers for food. The use of the 
word mutualism should be discontinued, since, so far as known, 
there do not exist any cases of symbiosis in which two or more 
symbionts mutually hdp each other as formerly thought. The 
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examples of so called mutualism are in reality eases of recipro- ^ ' 
cal parasitism in which each Bymbioiit takes all he can get from 
the other symbionts. It would seem more logical,- furthennors, 

to include epiphytism, parasitism and reciprocal parasitism un- 
der conjunctive symbiosis as coordinate with disjunctive symbi- 
osis rather than to consider them as individually coordinate with 
disjunctive symbiosis. 

The classification which is given below is believed to be at 
once simple enough in its conception and broad enough in its 
definition and scope to include all phenomena that should be 
embraced under symbiosis. Symbioos is defined as the living 
togetho* of dissimilar organisms. Any more limited definition 
proves unsatisfactory because of the difficulty of dranring lines 
of separation between kinds of phenomena among living things. 
Only by including all phenomena of the Uving together of organ- 
isms can this difficulty be avoided. Many authors who have 
taken symbiosis in a limited sense have never-the-less wished to 
include the leaf cutting ant^ and their mushroom gardens as an 
example of symbiosis. But there is really no essen t ial di£ferenoe 
betwecai that phenomenon and the phenomenon of man and 
his vegetable garden: and it is only a short step from this to the 
phenom^Mm of a cow and the grass upon which she feeds. 
Again, many atithors have included epiphytism under symbiosis. 
But if wo mil urdinnry epiphytes symbionts why should we not 
call pseudoepiphytes, those land plants which happen to be 
growing in crotches or other plac^ on trees where soil has col- 
lected, symbionts? And if we call these symbionts, why should 
we not take one more step and call the violet that grows under 
the tree a symbiont since it is living in intimate assoeiation with 
the tree? 

No attempt has been made in the following classification to 

fit in examples nf symbiosis in which only animals are concerned, 
but it is beheved that zoologists as well as botanists will find 
that there is a place for every case of symbiosis that is well 
enough known to be classified. 
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SymbioBis — The living tc^ther of diaaimilar organisms. 
I. Disjunctive symbiosiB. 

L SoeiAl^ddaat oommumtiM). 
2. Nutritive. ' 

a. Antagonistic — (Herbivorous mammals and 

plants; ants and fungi: ambrosia beetles and 
tuBgi; etc. 

b. Redinroeal— (Pdlixiatuig animab and floweis). 
II. CdoJunetive QPmbion. 

1. Social— (Lianas; epiphytee; AtoUa and algae; ete.). 

2* Nutritive. 

a. Antagonistic i.e. parasitism — (Ectotrophic my- 

corhizas; insect galls; plant diseases due to 
animals or plants; anknal diseaseB; etc.). 

b. Reciprocal i.e. reciprocal parasittBm, — (Endo- 

trophic mycorhizas; lichens; root tuberdes; 
leaf tubercles of Eubiaceae; etc.). 

Our ability to correctly place any given symbiotic phenome- 
non in tliis cla.^sification depend?^ entirely upon our knowledge 
of the phenomenon and it is not impossible that some of the 
examples i have f^ven will need to have their status changed 
when we understand them better. I have 140 doubt that some 
readers will not be ready to agree that I have correctly placed 
ec(ot]x»])hie myeorhuas, for some of the veiy recent text books 
have retained the obsolete view that the mycorhisal fiingi aid 
their hosts in absorbing mineral salts from the soil. But it is 
pretty goierally agreed among rec^t woricers on ectotrophic 
mycorhizas that they represent simply instances of parasitism 
of fungi on the roots of higher plants. I-lndotrophic mycorhizas, 
on the otlier hand, are somewhat eomjiarable to the root-tuber- 
cles of legumes. None of the mycorliizal fungi, probably, are 
capable of fixing nitrogen; but their relation to the host is similar 
to that of tubercle bactoia, since, while the fungus is at first 
parasitic on the host, eventually, in the majority of cases ait 
least, the hii^er plant becomes parasitic on the fungua These, 
therefore, arc instances of reciprocal parasitism. 

Probably no one will disj)ute the status of lichens but some 
may object to speaking of lichens as symbiotic phenomena at all. 
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since some prouuucnt botanists have recently adopted the rather 
peculiar noktm that liehms an simply fungi. The word lichen, 
however, has been used for a long time to mean the composite 
structure that results from the Bymbiosis of lich^i-fuiigi with al- 
gpe» and no very good reason has yet been given for changing its 
meaning. A lichen-fungus is a fungus; it is not a lichen. There 
.is no more reason for calling a lichen a fungus than there is for 
calling a mycorhiza a fiing:iip; and it is just as absurd to call a 
Uchen-funprus a lichen as it would be to call a mushroom a 
mycorhiza. 
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A SIMPLE NON-ABSORBING ATMOMETER MOUNTING 



EARL 8. JOHNSTON 
Maryland AgHeutiuraL BxptHmmU StaUoH, CotUt$ PorJ^ Md. 

Two non-absorbing atmometer mounting have been described, 
the object of which is to prevent the abflmptjoii of rain by porous 
cup atuKHneten. Each of thece fonne has two memiiy valves, 
situated outside the reservoir bottle in livingstonV original 
form, and within the bottle in Shive's* modification. Both of 
these mountings require two tubes leading into the cup, one just 
entering, the other extending to the top of the interior. Suction 
applied to the outer end of the latter tube tends to create a partial 
vacuum in the cup and water risef through the other tube, 
finally filling the cup. This method is unsatisfactory for filling 
cups with sudi large pores that air is cinwn throui^ the pores 
before water is raised to the cup from the reservoir. Tliis often 
occurs even when the cup is wet, if the porous material is so open 
that the water menisci break before the cup becomes filled. This 
consideration applies in the case of the veiy porous black cups 
recently obtained. 

For use with very porous atmometer cups, the writer has 
employed a simple modification of the Shive mounting. Its 
construction does not require the service of a skilled glass-blower. 
The essen t ial parts am shomi in the accompanying figure. 

Apieceof glass tubing of about 6 nun. bore and 18cm.inlaigth 
(AA', fig. 1) and two other pieces {BB' and CC) that will fit 
closely into the first are selected. Each of the smaller cues is 

* Liviapton, B. E. A niii'WiTMtiiif atmoineterforeoologieal inatmineaitatiim. 

Plant World IS: 79-S2. 1910. 

* Shive, J. W., An improved oon-abaorbing porous cup atmometer. Plant 
World IS: 7-10. 19tS. livingiton, B. E., Atmometiy and tin poroua enp at- 

momettr. Ihnl. 18:21-30. .'5174, 11, 143 149. 191.5. /Jewj, Atmospheric 
influence upon evaporation and its direct measurement. Monthly Weather 
B«T.tt;12S-m. 1915. 
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Fig. 1. Diagram showing oooatructioa of non-absorbiag atuotneter mount- 
ingt wmaiitiag of thne gtaw tubet, AA't BB' Mid CC, ud a aingte mereufy valve 
D; air-inlet. 
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then drawn out into a capillary at one end. The piece BB' has 
its conBtrieted portion from 3 to 4 em. long, with a total length of 
about 10 om. The other piece (CC) has a much lonfser capillary 
portioiii which is then bent back u])on itself to foim a J, with the 
shorter arm about 8 em. in length, ending about a centimeter 
above the beginning: of the constriction in the longer arm. The 
J is very narrow, so that it rnfw slide into the tube AA', as shown 
in the figure. The total length of the unconstricted part of this 
tube is such that it may reach to within about a centimeter of 
the bottom of the reservoir. 

The tube AA% after bdng inserted in the stopper of the leseiv 
voir, is fitted at each end with a pieee of pure-gam rubber tubing 
3 cm. long, in such a manner that it extends 1.5 cm. over the end* 
These two pieces of tubing should have a wall thickness of about 
1 mm. and such a bore as to fit the smaller glass tube^^ rather 
tightly. The hvnt portion of tube CC 1=^ thtni inserted into the 
openin^i A' of tli*' tube AA\ througii the rubber connection at 
A' so liiat the non-constricted portion extends about 2 cm. into 
the larger tube. Mercury is then placed in tube AA', the end 
of the tube CC being ooverod (at D) toadepthof fromO to7mm. 
Theie should be enou^ mcErouiy above the open end of the capil- 
lary tube to fill the latter as high as the bend. Thelaiger end of 
tube BB' is inserted into the nibber stopper of the atmometer 
cup. 

To install the instrument, the reservoir is fiUc!! and its stopper 
is inserted, carrying tubes .1.4' and CC and also an air-inlet tube, 
E. Suction is next applied at A, so that water pass^ the 
mercury at D and lisss to the level A. No air bubbles should be 
included. Unless the atmometer cup is too poious, it is inverted 
and filled with water and its stopper (beaixDg tube BV) is pressed 
into place so that water rises to the end B\ Wbea there is no 
air in tube BB', the cup and tube are again inverted and the end 
B' is inserted into the water at A and gradually prepe^ through 
the rubb<»r connection into the tube AA', for a distunre of from 
5 to 6 cm. The mercuiy should not be forced beyond the bend 
at C. 
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If the cup iB too porous to be mounted as just described, then 
its stopper 18 inaerted and the cup u immeraed in a veesd of wa^ 
with the tube J5B' projecting upward, suction being applied at the 
free end. When ciq» and tube are filled, the end B' is closed with 

the finger and the cup is inverted. Then the free end of the tube 
is opened and quickly inserted into tube A A' as described above. 

This instnunent may bt slightly modified by inserting end .1 
of tube A A' in the rubber stopper of the atmometer cup and 
shortening tube BB'^ so as to make the rubber comiection at A 
come to be within tiie cup. Sudh an anangement adds rigidity, 
but neoesaitates a different method of installation. To install 
tiie instrument thus modified, insert tube A A' into both stoppers, 
and attach rubber connections as described above. Attach a 
piece of thin-walled rubber tubing to end C and insert the tube 
CC m A A'. Fill both tubes by placing the end A in water and 
applying suftion at the. free end of the thin-wallerl rubber tubing. 
This tubing is then closed with a tubing claiap and rever^jed. 
Mercuiy is dropped into end A and tube BB' is inserted into its 
place through the Tubber connection, untU the glass just pro- 
jects beyond the hitter. If this procedure does not result in 
completelbr filling BB' with water additional water may be added 
at the open end B, The cup is then immersed in water and its 
rubber stopper is inserted under wat^r. When tight, the mount- 
ing and cup are removed from the water and erected, the clamp 
on the thin-walled rubber tubing below C being released and the 
tubing removed just before the lower end of the mounting is 
inserted in the reservoir. 

The mounting above described, or its modification, may be 
attached to any reservoir that can receive the tube AA*\ a 
large-mouth bottle is not required. It is more compact than the 
non-absorbing forms thus far described and is less apt to suffer 
breakage. The rubber-tubing connections require occasional 
renewal, about once a month. 
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Cmc BioLOGY.—Wc bdlcve that the appeanuice of this book^ aete 
a new mark in biological pedagogy, for until now no work has appt^ared 
m hold aB this in attack, so mtensely practical, bo oblivious of the 
aesthetic and culturaL 

After five montlis review and personAl reference to it we are frank 
to eay that for a beginning course in biotogy or for work with younger 
pupils it is unfit because its bacteria are all pathogenic, it« insect.s are 
all nnxioiiP. iff mammal? are all pests, its plants are nearly all weeds, 
and livinp is entirely a series of problems. Some years a^o exi>erience 
with a Hiiuilar course led us to say, "Never again. ' It w too morbid 
for jSrsf impreesionB with pupils or students of any grade and its treat> 
ment is unfair to general biology, being highly speeialiied in certain 
phases and omitting completely certain other subjects and types. 
For example, the honey l>ee pets one jjajie of text, ant3 seven; the silk- 
worm none, mosquitoes twelve; weeds, drugs, and medicinal plants get 
nine pages while tiie apple, wheat and com are only casually men- 
tioned. In one short paragraph occur theae terms; phiMpx^tes, 
c^Monina, autogenous bactcrins, and opsonic index. In a later sen- 
tfnee are listed seventeen diseases now eurable by an/i-treatment ; in 
the context tliis is stati<«tieal rather tb.an educational. Pape 348 
quot^ an agnostic ucwupaper article by au umruciied uuiui^ter in itti^ll' 
remarkably good, but, we opine, entirely unfit for immature thinken. 

While it is possible that enthusiasm for the subject has led the au- 
thors to incorporate material of debatable interpretation, as Bezzola's 
work on alcoholic conceptions, yet they have liceiis<', for altogether 
too long have schoob, teachers, and lay readers ignored the practical 
■and the personal applications of sdentific knowledge. Civic Bidoyy 
will tend to counteract this. Personally we wish that the authors had 
' done more with genetics and eugenics^ for material is now available; 
the origin and tmtnient of the pauper, deficient, and criminal classes 
are surely civic problems. Since this is not a book for secondary 

* Hodge, C. P., and Dawion, Jean. Civie Biology, pp. SSI, figs. 106. Bofton, 
Oinn and Company, 1918 (11.60). 
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eoboolfl piitnaril}- we venture to gay that because some minor toincs 
are stressed and genetics is not, herein is the weak spot. 

For a second or hi^ilier course in biology we esteem thu» work of 
Clifton Hodge and Jean Dawson of verj' superior merit. Not only are 
the specific subjeete quite thoroughly treated but ample reforences 
upon than are listed and seoondaiy topics or problems outlined for the 
advanced or ambitious student. Of new merit wc would cite the dk- 
cuffion of planting home pounds, that of reforestation and the dis- 
aster of deforestation, that of bird conservation and that of fisli "farm- 
ing." The text is as well a laboratory guide for both teacher and 
worker, giving as it does dbeetions for the solving of its problems. Its 
assistance in developing the "socialiised" recitation and ita dependence 
upon projects innke it a souTce of inspiration and ootnmeDda it to pro- 
gressive educators. 

Every teacher of biology, every physician, every minister, every 
worker in community wdfare and social service should possess the 
book, and copies could well be accessible for sui^lementaiy reading in 
the school and public library. The diction and style render it readily 
understood and the colored plates and numerous ilhistiations are 
really illustrative. — Harold B. Suinn. 

CARnOHYDBATB MSTABOUSM OF TOE SWBBT POTATO.— Rooent eXpCli' 

ments r^iorted from the Bureau of Plant Industry^ appear to diow 

that free oxygen is not necessar}- to the formation of cane sugar. Sweet 
potato roots were halvecl lengthwise, one half being immediately 
analyzed and the other used in the storage experiments. Sets of these 
halves were subjected to air and oxygen at preasnres greater than one 
atmosphere; to air, dxygen and hydrogen at pressure of <me atmoe- 
q^re; to air under a pressure of less than one atmosphere. The 
experiments ran from tliree to twenty days, and the temper-vnre was 
30^., excepting one set of hydrogen experiments in which u teuipera- 
ture of 4.5''C. was used. Under pressures of o and 10 atmospheres 
potatoes were killed, and analyses revealed stight hydrolysis of starch 
and considerable hydro^sis of cane sugEir, with increased ooncentm- 
tion of reducing sugars. At atmospheric pressure and a temperature * 
of 30°C. starch hydrolysis and cane sugar formation went on in hydro- 
gen as well as in oxygen and air. the highest percentage of cane sugar 

' Hasselbrinfc, Heinrich, Effect of Different O-xygen Pressures on the Car- 
boiiydrate Mctabuliflm of the Bweet Potato. Juuruul Agricultural Reijearcb, 
U:7. Augoit, 1V18. 
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occurrinjj in the potato halves storetl in hydrogen. In a hydrogen 
medium there was practically no increase in reducing sugars. Retar- 
dation of respiration by subjecting the potatoes to low temperature 
(4.5"C) and an atmosphere of hydrogen was followed by an increase in 
reduciiMS sugan and later by a large incresse in cane sugar, thus explain- 
ing low concentraticMD of reducing sugars at high temperatures as due 
to greater respiratory activit}'. Potatoes stored at 30°C. for five days 
at less than an atmosphere (4 mm.) of air behaved like those stored in 
hydrogen by exhibiting increased concentration of cane sugar and but 
sGght increase in reducing sugars. From thtse experiments and otbm 
carried out at the time it appears that the eneigy used in ssmtheds of 
cane sugar may be derived from the respiratory process, dther aerobic 
or anaerobic^. G. Bbown. 



NOTES AND COMMENT 

The Dmakm of Biolog> of liie Natkittl Iteinh Council baa 
onganiaed a nation-wide oodporatiion ain<»g plant phyaioiogista and 

agricultural chemists, concerning the general problem of the physio- 
logical m^iiirementa of certain rppr&sentative agricultural plant*. 
Tliis project is in charge of a specml coniniittee consisting of Profe-^sor 
B. E. Livingston, of Johns Hopkins University, Dr. K. F. Kellerniiin, 
of the U. S. Department of Agriculture, and rrofoaoor A F. Woods, 
of the Maryland Agricultuial College. 

It is planned that tho cooperation will carry out experimental work, 
by water and sand cultures, on wheat and soy bean, for a beginning. 
The first problem is to determine the best total concentrations and the 
best sets of salt proportions with S-ealt mixtures, each plant studied 
being considered in several phases of its devdopment. For wheat 
these phases are: (1) the germination phnse (until plantlets are 4 cm. 
high), (2) the seedling phast' (for four weeks following the germination 
phase), (3) the vegetative phase (from end of seedling phase to appear- 
ance of flowers), and (4) the reproductive phase (from end of vegeta- 
tive phase to the ripoiing of grain). Each phase is to be treated sepa- 
rately, the pbmtB having been grown with the best 3^t solutions for 
the preceding phases, respectively. Twenty<one different sets of salt 
proportions are to be tested with each of the six types of possible 3-salt 
solutions. 

It is hoped that thci^e tests may be made by a large number of ex- 
periments in different places, all using the same methods so that the 
results may be comparable, and that many different climatic com- 
plexes and seasons of the year may be thus included. The general 
proiileni falls n.'iturally into convenient portions, so tbn' ;iiiy worker 
or group of workers may confine attention to a certain more or less 
restricted fidd. All seeds will be supplied from the Mme source. Of 
couiae each workw wili publish his results as he may desire, with what- 
ever interpretation may seem warranted. It is hoped that out of this 
cooperation may result a clear and definite advance in our knowledge of 
this aspect of the physiology of nutrition, which not only may valu- 
able in a scientific way but also may furnish valuable suggestions to 

264 



Digitized by Google 



NOTES AND OOUMBNT 



265 



those who are experimenting with the fertilizer treatment of crop 
plants in the field. It is suggested that the results of tms eomdated 
set of researdies may become a definite national ecmtrilnition to knowl* 

edge about one of the most important and fundamental of all phj'sio- 
logical problems. The cooperation was planned in war-time but it is 
as umch needed in time of peace as in time of war, and it is being pushed 
forward with all reasonable haste. 

Hie Speotal Committee on Salt Requirements cf Representative 
Agricultural Plants has prepared a comprehensive plan for the 
ject, which may bo obtained on request, and has made arranfjcments 
for s«pecial lots of chemicals for this work, also for the .■special cork 
supports needed in water cultures. Correspondence regarding this 
project is earnestly requested, and all expoimentera in this field are 
asked to join in thk natifmal undertaking in one way or another. CSor- 
respondenoe should be addressed to the Chairman of the Special Com- 
mittee at the Laboratory of Plant Physiology of the Johns Hopkins 
University, Baltimore, Md. 

Those who have given attention to the physical features of desert 

regions, on account of the features themselves or of their relation to 

the Ufe of plants, animals or man. will be interested in the paper on 
desert erosion and degradation recently published by Prof. W. H. 
Uobbs (Annals of the Assn. of Amer. Geogr. vol. 7). His observations 
were carried out in tiie Libyan Desert and have to do largely with 
wind erosion by sand blast as a means of f<Hrming extensive depres- 
sions. There is v«ry little desert in North America to which Prof. 
Hobbs' observntion?; are directly applicable, and such attempts ius he 
makes to sliupe (nir int(>ri)r('t!ition of American desert features by 
Libyan evidence are quite bootless. Even his statement that "The 
greater vegetation of American as opposed to Old World deewta may 
perhaps in part account for .some diCTerenoe in viewpoint" with respect 
to the role of large-scale erosion by sand, does not seem to clear the air 
for tliose canny ones who can tell when the cart is being put before 
the horue. 

The Macmillan Company have pubMied a second edition of W. 8. 

Harwood's New Creations in Plant Life. This is a popular — in fact a 
somewhat cloyinfr— accoriiit of the work of Luther Burl)ank, which 
originally appeared in 1905 and has since been reprinted six times. 
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J. E, WEAVER 
Vnitersiti/ of Ni i r.i I a, Line<^n, Xihntka 

The quadrat method of studying vegetation has beo<»ne an 
integral part of many of the more important ecological investi^ 
gations. Although oecadonally used throu^out the past cen- 
tury for determining the amount of plant m atonal produced or 
for purposfp nf cmim prat ion, it was organized into a definite 
system for the study of the structure and developrnpnt of vege- 
tation by Pound and Clements (15, 16) and Clements {2, 3, 5) 
only about eighteen years n^o. iSince that time it has been 
used, soiiietijites in a mollified form (12, 21), by liuiiierous in- 
vestigators both American and European. Indeed, with the 
rapid increase in the number of successional and other ecological 
studies the use of Ihe quadrat and its modifications is becoming 
as universal as it is fundammtal (6). 

Not a few of the many important problems connected with 
grnzinp, Innd rlnssifirntion. indicator vegetation, afforestation, 
and reforestation have been solved by the aid of the quadrat 
method. 

By the use of this method Sampson (17) has worked out a 
system of deferred grazing for the ranges in the national forests 
vrhenhy the forage crop is utilized in such a way as to maintun 
the lands at their highest state of productiveness and at the same 

time give the greatest possible returns to the stock industry. 
He has also shown in a very concrete and satisfactory manner 
the ;M>nli<-;ition of a knowledge of plant succeseion to range 
manugcnu'rii i WV). 

Keaniey and his co-workers (lU) have employed the quadrut 
method in the Tooele Valley of Utah, an area typically repre- 

' Contribution from the Department of Botany* Univerrity of Nebraska, new 
Mries, no. 23. 
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sentative of many regions m the Great Basin, in answering the 
questions as to what types of v^etation indicate conditions of 
soO moisture favorable or imfavorable to diy fannmg and 
what types indicate the presenee <nr abeence of alkali salts in 
quantilaes likdy to injure cultivated crops. 

The studies of Shantz (20) in the Great I^ains on the indicator 
significance of natural vegetation in determining the capabiliti^ 
of land for crop produetion are too well known to need further 
comment, indeed it is one of the pioneer m\ c-liKations where 
ecological methods were appUed to solve an economic problem. 

Clements (4) made ^tensive use of quadrats in his study of 
bums and reproduction in the lodgepole forests of the Rocky 
Mountains* Sampeon (18) baa dted evidence of results accom- 
plished in studying various forest types and makes it clear that 
tbe quadrat method has a high \ alue in forestry and is readily 
applicable to widelj' diversified investigations in that field. 
Recently liofTman (9) by emplo\'inpr b modification of the 
quadrat method has cleared up a nmnber of important (questions 
regarding natural reproduction from seed stored bi the forest 
floor and has thrown new light on the whole question of natural 
reproduction. 

In addition to tbese investigations, yrtaxHi bave a direct eco- 
nimiic beaiiugy numerous othen should be mentioned which are 
important since th^ represen t rather complete studies in 

different vegetational regions and are undoubtedly more accurate 
because of the emplojanent of the quadrat inethod. Such in- 
vestigations are those of Coo]>er (7) in the forests of Michigan, 
Pool (14) in the sandliiUs of Nebraska, Bergman and Stallard {!) 
in tbe forests and bog? of Minnesota, Gleason (8) in the prairies 
and forests of the inland sand depodts of IllinoiSi Weaver (22, 
23) in tbe grasslands and forests of Washington and Idaho, and 
others. 

Studoits of ecology, at least those somewhat advanced, should 
become acquainted with mich investigations not only as a matter 
of general information, but also to learn the methods of attack 
and the solution of problems in ecology. But in order to appre- 
ciate such btudieb, a hrbtliand knowledge of quadrating is 
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jmperetive. ITnfortuiiatelyf because of the usual anangement 

of the school year into semesters, field work by most students 
can be carried on advantageously only for a few weeks in the 
spring and fall. However, the accurate plotting of ex en one or 
two quadrats always tp^chf^'^ a <iTei\t deal to the student about 
vegetation. Some oi tlie mura lieciucnt lessons are: (1) the large 
number of species often represented in a single square meter, 
(2) the surprising number of individual plants growing in so 
amall a space and the severe competition that must result^ (3) 
something of the life histories of species^ gained by seeing indi- 
viduals of the same species in different stages of development, 
and (4) the necessity of knowing a plant, not only at the time of 
anthesis or at maturity, but in all stages of its development, a 
fact which invariably leads to closer observation on the part of 
the student. But in spite of these gains such a procedure 
frequently leaves the student with no knowledge of the greater 
values of such a quadrat and witii the impiessicMi that vegetation 
is after all quite static. Gould he visit these aieas repeatedly 
from year to year and reduurt these quadrats, further values 
would be gained. Among these would be: (1) the high mor^ 
tality among certain hidividuals and the general difficulty of 
ecesis ill rather stabilized areas, (2) the ephemeral nature of cer- 
tain specics as contrasted with the stabiUty of others and (3) 
hence the variations from year to year, (4) the value of scientific 
accuracy in the use of the quadrat method, and especially would 
he profit by (5) the dynamic view of vegetation which such an 
investigation affotds. 

In order that students pursuing ecology for even a «n|^e year 
might derive many of the advantages of repeated yeariy visits to 
the field the following ])lan of the emplo^Tnent of permanent quad- 
rats of various types, in prairie, salt flats, woodland, and ruderal 
areas lias been followed for the past three or four years. The 
results, from both a pedagogical and a scientific standpoint have 
been most gratifying and it is felt that it might be worth while 
presenting some of these data here. These data coDeeted ahnost 
entirely by students have in evety case been checked by a second 
student and the writor voudies for their gmeral accuracy. 
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ILLUSTIIATIVK EXPKRIMKXTtS IN THE SALT FLATS 

A part of the territory adjacent to Lincoln and several s(iuare 
miles in extent is unique in that it is a salt desert, or at least 
is covered with halophytic vegetation (fig. 1). Although the 
origin f)f this salt basin has never been satisfactorily worked out 
it is believed to be due to the settling of the area to a depth of a 
few feet. The water of the salt lake originated from an artesian 
well. Much of this basin is watered by salt springs. 

On a portion of these salt flats an area was selected which 
showetl distinct zonation from the bare alkali fiat to rather 




Fig. 1. A general view of a portion of \\w Milt desert near Lincoln. The 
chief con«|>onent8 of the vegetation arc Dondia ticprrsna and Alriplex haslata. 

typical upland prairie. The.'^e zones in the order of their 
sequence are: (1) Dondia depressa, (2) Alripkx haslaki with .4. 
argentea, (3) Distichlis spicata, and (4) prairie. These may be 
.seen in figure 2. Numerous soil .samples were taken which 
proved conclusively that the zonation was not caused by differ- 
ences in soil moisture. Indeed, the prairie is only about two 
feet higher than the bare area. A chemical analysis of the soil 
in the several zones was then made. J^amples were taken to a 
depth of 8 incites soon after a rain had wet the soil to just that 
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depth. This gave presumably a rather equal distribution of the 
salts.' 

The distribution of the alkali in the various plant oommunitieB 
is shown in the table. 





a\ns AREA 


ri< INDIA 






f riAiKlE 


Nft + K 




1.304 


0.878 


0.728 


0.418 


Na,0 


2.024 


1 757 


1.183 


0.981 




Nn.CO, 


3.4o2 


3.004 


2.001 


1.677 


o.m 



• In the tabic, sndium and jiof :i-.>itim nrr uiven together. There arc VMrving 
amounU uf the two uictuls though most of the mixture consUts of nodium. 
In the CBlculatiofis only aodiuoi has been considered and the aodium oxide and 
Bodiutn carbouute havr ix^cn calculated from the weight of sodium and potaasium 

as if only sodium was present. 



The table at once reveals the salt content as the controlling 
factor in the distribution of the vegetation. Lsu.Hlly Salicomia 
herbacea accoinpanios or qvcu precedes Dondia in the saltier 
places but it was not present in tlie area under consideration. 
It growri in wet spots on the floor of the basin, in the saltiest of 
soil, often growing througli a vsrmX of salt and is frequently the 
sole inhabitant. (Cf. figure 3.) Ccriaptrmum hyssop^n^Mm 
frequently occnirs with Atriplex or covers areas exclusively whete 
the situation is subnideral. 

The area occupied by these halophytes is alluvial wash where 
the salt has been deposited by successive overflows year after 
year. Formerly it was nuu h more extensive. The halophytes 
are rapidly being replaced !)y other sjiecies and by crop plants 
as the soil- becomes less salty due to better drainage resulting 
from the straiglitening of stream courses. The replacement of 
salt grass by prairie species is often clearly marked. Agnpiprum 
repena ia often the first invader and is foUowed by Sporehaha 
longifolius, Pankurn virgatum, Andnpogon fureatWf and other 
prairie species. An interesting successional sequence was de- 
tcnnined while making a bisect in a rich alluvial flood plain 
where the water level occurred in gumbo soil at a depth of about 

' The uritfr i-^ ind.'titcd to Professor C. J. Frankforter of the department of 
chemistry for tbe»c determinations. 
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Fig. 2. A small area in the salt basin showing the conation of Dondia depreasa 
(darker border adjoining bare areas), Alriplex hattata (upper right portion of 
the figure especially), Distichlis apicata and prairie (just in front of and behind 
the man in the figure respectively). The numbers indicate the locations of 
permanent quadrats. 




Fig. 3. Salt incrustations on Dondia depreata, October, 1917. 
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six feet. Although only an occasional specimen of Distichlis 
was to be seen, the soil contained three distinct strata of its 
atnindant and well-preserved rhisoniee at depths of 13, 9, and 6 
inches reepeetively. These uxdicated successive overilows and 
deposits. Above these the soil was filled with a dense network 
of the rhizomes of Agropyrum repens. However, only a few of 
these plants were still alive, the soil being almost completely 
occupied by alternate areas of Sporobolus longifoliuamd BtdbUii 
daclyUndes. 

On the ecotoues between the several plant zones in the 
above areas (fig. 2) several quadrats were permanently staked 
out, photographed and charted in the fall of 1916. Since more 
striking dianges take place yeariy among the annuals — Dondia 
and Alriplex— than m the more stable grass sones, a few quadrats 
in areas occupied largely by the former species are chosen for 
illustration here. 

Quadrat 5 wa-^ located in such an area that it included bare 
alkali flat, a narrow zone of Dondia, and extended into the 
Airiplex area (fig. 2). Photographs of this quadrat taken in the 
fall of 1916, 1917, and 1918 r«[pectively are shown in figure 4. 
The rank growth of AHpfex is due to a dcpiession throui^ whidi 
surface water drains after rains. Tlie soil on either side is more 
salty. A study of these figures together with the chart quadrats 
in figure 5 reveals a number of interesting changes. One of the 
most striking is the almost total disRppearancc of Dondia in 
1917 with the advance of Atriplcx far out into the fonner Dondia 
are^i. A count made on June 1. 1917. showed at that time 63 
and 289 Doudias respectively in the tirst two decimeter rows of 
the for^ound, while the next two consisted of 966 Dondia 
and 169 AtripleXt rather evenly distributed. UPhat caused this 
imwtieaHy 100% mortality of Dondia in 1^ portion of the 
quadrat and the dominance of Ainpkx is a question which the 
student at once appreciates, and can only be solved by visits to 
the field during the growing season. The drought during July 
when only 0.56 inch of the 4.01 inches precipitation nonnal for 
that nionth occurred was probably the time of greatest mortality. 

The thin .stand of A triplex, its small stature, and its presence 
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in only the nioistor portion of the (juadrat in 1918 is quite 
evident. The sununer was once of severe drought. From May 
1 to September 1 the precipitation was only 52% of the normal. 
Indeed the area yielded only 26% of its fonner quota of plants 
and these were less than half their noimal sise. 

QuadiBts 1 and 2, which were adjacent, were located in such 
a manner that the adjoining portions extended over a small 
ridge and the other ends into the Dondia and Atnplex sones. 




1 Ik o. Quadrat 5 charted in October, 1917 (left) and 1918. A-Atrij^x 

Tliese are shown in fip^iro (i. In 101(5 the presence of Distichlis 
on the ridge indicated that it was an old enxling area. In 1917 
numerous rliizomes were exposed and by 1918 Uving plants liad 
entirely disappeared. The invasion of Dondia further into both 
quadrats in 1917 is quite apparent as is also tiie much greater 
abundance and extent of Atnplex, The small amount of Dondiaf 
the reduced number of Airiplex and its withdrawal to the more 
stable portions of the area in 1918 are leadily apparent. This 
agrees with quadrat 5 and is verified by several others. 

Such an analysis by students teaches them to think in terms 
of vegetation and enviromnent. Tlie time employed in riiarting 
the quadrats is seldom over half of a day, for two students are 
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usually a83igned to only one or two quadrats. This leaves tims 
for a general surv^ of the fidd. After the quadrating has been 
aceurately aooomplished they are fuinidied with the records of 

preceding years and are required to give a discussion at some 
future time of the movements of the vegetation. Not infre- 
quently after such class disousaion students voluntarily revisit 
the field for further data. 




Fig. 6. Quadrats 1 and 2 plotted in October, 1916 (loft), 1917. and 1918 
repcctively. A^AtripUx hattala, D'-Dondia depretta, Di = Dittichlit tpicata, 
X^rUaomM of DifftdUit, H*ff«nlnim jiiAoliMi, P'PolffOfittai ariaiimn 
R"AiMMS attCMi'mtMi. 

ILLUSTRATIVE EXPERIMENTS IN THE PRAIRIE 

Rather large tracts of native grassland undisturbed except by 
mowing are still to be seen in eastern Nebraska. During the 
past few years a small area of high prairie ha.s been set aside 
for investigational purj^oses. This is undisturbed except for 
denuded quadrats, planted quadrats, bisects, etc. (24). A knoll 
in this hi^ pnurie is underiaid with a gladal deposit of ooane 
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^avel, a portion of which was once removed leaving a large 
oimilar depression several rods wide but only a few feet deep. 
The bottom of this gravel pit is rallier completely revegetoted. 
Wind erosimi is wearing away the bank and uncovering the 
roots of the prairie plants. As the soil rolls down it fotms a 
new ana for invasion. A quadrat placed with one edge on this 
new area extends back into fairly stabilized vegetation, for the 
bank is cnimbling at the rate of only 1 or 2 inches a year. Quad- 
rats in this area have been followed since 191 G. Only one need 
be used here. This is shown in hgiiie 7. Begiiming with the 
new^t portion of the vegetation we find Solidago is a successful 
pioneer. It peraisted, because of its ifaisomes, during the dry 
year of 1918» while tlie annual Sujphmhia and the perennial 
Pkytalis had entirely disappeared. Sporobohts and SHpa to- 
gether with Eragroatis are the poneer grasses. It is instructive 
to note that many of these seedlings disappear after a single 
year. Tn 1918, with few exceptions, only well-estabhslied clumps 
in the less densely vegetated portion of the quadrat withstood 
the drought. Indeed, the writer had a similar experience with 
a large number of prairie grasses of seveD. different species, the 
seedlings of which were transplanted from pots and watered 
until well establisbed and left <m June 1 in a flourishing con^ 
dition.* All but a few of Sporoholus suocumbed. 

The more stabilised portion of the quadrat includes Sor- 
ghnstnim, Laciniaria, and Bouteloua. Some of these are «lo\\ly 
increasing their area of occupation. The 1917 quadrat shows a 
gain of 29 per cent in the total number of individuals over that 
of the preceding year, but in 1918 there is even a more marked 
decrease. Other quadrats give similar r^ults. 

This example iUustrates how a student taking ecology for only 
a single year may apply the most fundamental method of investi- 
gating succession, that of sequence, which coni^sts in tracing the* 
actual development of a community in a definite spot from year 
to year (Clements 1916:423). This is the direct study of 
v^etation as a process. Each class passes on its results to the 

'These plantings were made in connection with a Rcneru! study of the life 
liifltoriea of range plants, a field of ecology very much in need of invcfltigation. 
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next. These data teach greater lessons eadi year. Tlie fact 
that all the work has been done by fornix students adds interast. 

Such a sttidy makes the method of inference, tliat is the piecing 
together llie course of cle\'el(>pment of ihc a.^socies and consocies 
found in tlie region, much clearer and more accurate. Of 
course such work is further supplemented by permanent quad- 
rats in stabilized areas, denuded quadrats, planted quadrats, 
ecotone transects extending from simib to prairie or woodland 
to shrub, or across the zones of SparHiuif TyphCf etc., in ravines, 
and by bisects. A series of denuded quadrats, each set a year 
older than the preceding, gives at once the stages leading to 
stabilization. By means of the?e pemianent studies, coupled of 
course w itli factor data and measurements of tlie ])lant rcsp<mses 
such as transpiration, photosynthesis, and gro^lli in the .'several 
habitats, a student is enabled to gain a maximum of results with 
a mininmm expenditure of time. 

ILLUSTRATIVE EXPCftlMENTS IN RUOERAL VEGETATION 

An easy approadi to the use of the quadrat method by students 
whose floristie knowledge is rather limited is by the stud}- of 
families of large ruderals such as Ambrosia Irifida, Helianthm 
armuus, Fvn xarithiifolia, etc. Such work may be used to illus- 
trate certain law?! of competition in ;i very satisfaetery n anner. 
Necessarily con:])etition is gre;itc>t i)etween individuals or 
Species which make .similar or identical demands upon the same 
supply at the same time. 

Chi April 27, 1916, the plants in three square meters, selected 
as representative of a waste area, were carefully counted. Then 
the quadrats were permanently marked. Tliis area consisted of 
a small level tract of very rich loam soil of alluvial origin, llie 
average number of plants per square meter was 10,500. Prac- 
tically all were Ambrosia trijida; only a few Poh/ijiniutn pennsyl- 
vaniciim and an occasional Solan lun roslrdium were also present. 
At this time the plant.s averaged 9 cm. in height and had roots 
about 25 cm. long. A count on June 22 gave an average of 
only 206 plants per square meter, while on July 24 this number 
had been reduced to 100 per unit area, all of Mrhich were rag- 
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weeds. Of these 30 per cent were domixuaits with an averaee 
height of 2.64 m. while 70 per cent were suppressed and averaged 
only 1.23 m. in height. The dominants had a diameter of 15 
cm., the tiuppressed group were only 0.(3 cm. in average diameter. 

In October another quadrat where more plants had matured 
wa8 included and the number, height and diameter of the 
mdividiiak were recoided. These d»ta m Bhown in the table. 
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Assuimng that the quadrat with the 192 survivors had as many 
plants originally as the average of the other three, i.e., 10,500, 
then tlie average mortality in the four eaeeaa vnd 98^%, that is 
only 1.2% of the plants reached xnatiuityl , 

This is certainly a striking lesson in competition. An exami- 
nation of the table reveals a close relation between the number 
of individuals and their height and diameter, the plants always 
being larger (with the exceptions shown in parentheses) where 
the individuals are fewer. Competition is essentially a decrease 
of the amount of light, water or solutes available for each indi- 
vidual. By affecting these faetoiv it affects the response of the 
plant. That water was an unportant factor was shown by the 
plants growing in a shallow drainage ditch. Tliey were just as 
high as those on the adjacent area. Viewed from the tops of 
the plants one would not suspect a depression was present. On 
the other hand light was shor', ii to play an important r61e for in 
qn.idrats containing an average of 16,000 individuals of Polyg- 
onum avicuhrc seedlings on April 27, 2,700 or an average of 
17% reached maturity in October. Among these grass-like 
plants competition for li^t does not occur in any sudi degree 
as with the broadleaved Ambrona, 

This ejqperiment was repeated by the class of 1916-17 with 
sunihu' results. *The mortality among Ambnma averaged 96%. 
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The relation between number and size of plants is shown in the 
table. 
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These results are very similar to those preceding. 
In the spring of 1918 the struggle among 7,350, 7,100, and 

10,350 individuals per square meter respectively was tenninated 
by the area being ronverted into a garden. However, in the 
fall an examination was made to see if the same principle applied 
as regards competition and reduced size to a family of Iva 
xanthiifolia. The results are shown in the following table. 




Investigations in other areas will undoubtedly reveal similar 
relations. 

Such studies, so elementary that a class can secure suffident 
data for conclusions in a single afternoon, point the wa\' to an 
investigation and discussion of some of the mnsi fundamental 
questions of ecology. It involves the proljiems of aggregation, 
seed production, size and germinability of seeds, analysis of 
competition, causes of dominance, reactions, etc. Aloreover it 
throws much light upon many problems in crop ecology (cf. 11). 
Among these are method and the rate of seeding, t.«., thick or 
thin stand, uneven germination, and its effect upon yield, com> 
Iietition, effects of weeds upon cultivated crops and upon sum- 
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mer fallow, and many others. Of course the repeated use of 
the quadrat iiirthod «oon reveals its bearing upon problems of 
giazinp:, crop rsi iinal ion. disease survey, and forestrv. Tt 
furiiislies tiie student with a concrete basis for inter])reting work 
already accompUshed along these various ecouoniic lines. 

In conclusion it may be said that it is the expaience of the 
writer tiiat the use of the quadrat by students teaches accuracy, 
inculcates habits of ckwe observation and lo^cal reasoning in 
the field. Too often students in the field are inclined to form 
superficial generalizations if indee<l they are not too puzzled by 
the complexity of the problems in the poTioral ]ianorania. rather 
than to lay hold ui)on liiis problem ur ihat ])h('n(in ciion and 
having reduceil it to order gain some dehnite insight into the 
behavior of plants in nature. 
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GEOLOGIC HISTORY OF THE LOCUST 
AND ITS ALLIES 

KDW AUD W. HKHHY 
The Johns UopLkua i i.ufrsitij. linltimos t , Mat ifiund 

A consideration of the locust ' and its allies intro<luces us to 
one of the largest alliances of flo\vpriTi<r |)laiits, popularlj' kno%Mi 
as thf Lepniininosae, and now divided by botanists into four 
families. Tliese are the acacia or mimosa family (Miinosaccse), 
the senna family (Caesalpiniaceaj), the kiaiiieriu fiuiiily (Kra- 
meriacee), and the pea or bean family (PapiliaDaces). Among 
these there is well marked floral progression from the first, 
with its regular flowers^ to the last, with its butterfly-like blos- 
soms. The first two families are very old geologically and are 
largely arborescent forms of the tropical zone, many species of 
which have boon foinid fossil in the Tertiar\' flo]K)sits of our 
southern staler. Tlie last two families, on the other hand, are 
mahdy herbaceous fomis dwcUing outside the tic)i)ics, and both 
have probably attained thcii' maximum of variation in the 
Tonperate Zone since the inauguration of the Pleistocene 
jactation. 

A large niunber of leguminous plants furnish most importatit • 
food or forage crops (Pea, bean, lentil, peanut, tamarind, 
alfalfa, clover, ofc) or are utilized in medicine (senna, licorice, 
etc.) or othei- arts (indigo, logAvood, gum tragacanth, gum 
anihic, copaiba gum, etc.). The habit of many of the Legimii- 
nosie of abstracting nitrogen from the air by means of root 
bacteria makes them of especial interest in these days of the 
rapid exhaustion of natural nitrates. Many tropical Legumi- 
nose are important timber trees (brasO wood, iron wood, violet 
wood, etc.) but outside of local uses the world's markets know 

* Thn is Bot the locust tree of southent Europe, which b the carob, Ceratonia 
iiliqtta, a member of the CaessIptniaoeM. 
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but a few and these are found in the cabinet maker's rather than 
in the lumber trade, and scarcely any a^^•aken a concept in the 
popular mind unless it bf* rosewood {Dalben/ui). a tree of thrpp.i 
family which funushe^i such an incomparably handsome cabiaet 
wood. 

There are about 500 genera and 10,000 existing species of 
Legumlnoene, of whidi only 17 genera with about 32 species 
attain to the stature of trees within the limits of the United 
States, and the bulk of these are confined either to the sub- 
tn^eal coastal belt of Florida or to the arid southwest. The 
only tree forms that arc widely familiar in the eastern states 
are the Judas-tree or Red bud {Cercis), the Kentucky coffee tree 
((rjfniHorlddus). and the honey locust {Glcditsi^) of the family 
C'aesiilpiuiacea* ami the loeust (Robinia) of the family Papilio- 
naccaj, so that our attention in tlic present article will be confined 
to these four trees. 

THE LOCUST (Robinia) 

The bhick locust, often calle<l the yellow lorust because of its 
yellowish hrowTi heart wood and yellowish wliitu >ai)\vood, is the 
typt? ol llie genus Robinia, so named by Liimaeus in honor of 
Jean and Vespasian Robin who introduced it into Europe at the 
end of the sbcteoitii century, at which time the former was in 
charge of the Gaidm of the Louvre. The specific name which 
Linnaeus gave this ^cics. pmtdacaeki, commemorates in 
latinized form the cosmnon European name of false acacia by 
which this North Ameriean tree has usually been krioAm abroad. 

Its natural range extends from Pennsylvania to (ieorgia and 
westward to Iowa l)iit it has been extensively naturalized on our 
western prairies as well as on the plains of Hungarj'. Perhaps 
no Am^ean tree was so extensively planted in Europe, and our 
colonists also, in the period immediately following .the Revo- 
lution, valued it highly both for its timber and for its beneficial 
effect upon soils. In Revohitionaiy France May 6 was conse- 
crated to the locust. 

It is a Tiiedium sized tn r and, while it s<>mptimes reaches a 
height of 90 feet and a trunk diameter of 4 feet, the average tree 



Digitized by Google 



286 



BDWABB W. BEBBT 



branches early and tops irregularly and is not over 50 or 60 feet 
tall and about 20 inches m tnmk diameter. The leavea, in 
common with nearly all the other members of the l^guminooa 
allianoe, are what are known as compound, that is they consist 
d many separate leaflets. There are, in tlio locust, from 7 to 9 
opposite pairs of elliptical slightly stalked leaflets and an odd one 
at the end tenninates the Blender stalk of the leaf, which is from 
8 to 14 inches in length. At the base of the leaf-stalk a pair of 
short subulate stipules or accessory leaflets soon become trans- 
formed into straight or slightly recurved spines which persist 
for many years, often becoming an ineh or more in length. 

The flower dusters, which appear after the leaves towaid the 
end of May, convert the tree into a creamy white bower of in- 
cense, since they are filled with fragrant nectar. The fruit, 
which ripens late in the autumn, is a red-broiA*n pod, 3 or 4 
inches long a.m\ h m inch wide with 4 to 8 smooth brown seeds, 
which are shed from the opened pods during the winter or early 
spring before the pods let go their hold on the parent tree. 
The locust is one of our most prolific trees in sending out sprouts 
from ^e roots, hence a tree will spread rapidly and is difficult 
to eradicate. It grows rapidly when young and thrives in tiie 
fertile soils of the Appalachian mountain valleys, hut wiB also 
make a good growth on sandy or rocky soils. 

The wood is hea^'y, exceedingly hnnl aiid -strong, and ver^' 
(iuruble in contact with ground or air, hence it is highly valued 
lor fence posts and rails, cross arms and insulator pins for tele- 
phone and telegraph lines, carriage hubs and siiiniur turnery, 
tree nails, etc. It is also valued for Aiel and confltnietiQa pur- 
poses, but does not enter largely into the general lumber industry 
because ci the scattered supply and its special uses. 

A tree that has been cultivated for so long a time has naturally 
given rise to numerous horticultuittl varieties of the parks and 
gardens. There are also six or seven additional species of 
Robinia, all confined to North America and \ ery similar to the 
precetling except that they are .siauUer trees or even fhrubs. 
The only one of these that is generally known is the clammy 
locust, Robinia viteota Vent., which may be readily distinguished 
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Fig. 1. FokU ramuiu of iUbiirith OUdUria «ml OimiMoIadM. 



1-3. Leaflets an<l fruit of Bobima jmudaeoda linn. 4. Robinia hcsperidum 
Unger from the l"{i]>er Miocono of rrontin. 5 Lfgumiuosites robiniifulia Berry 
from the Upper Cretaceous of South Carolina. 6-8. Leaf and fruits of Robinia 
regeli Heer from tlie Miocene of Oeningen. 9. Robinia eonttrieta Heer from the 
Miocene of Oeningen. 10. (Tt/iiitiorladHS dioi'rus Koch. 11. Gf/mnnclnditu Ca*ei 
Berry from the Miocene of Oklahoma. 12. Glcditaia allemannica llecr from the 
Bftoeene of Oeningen. 18. Oledittia triaeantho$ Linn. 14-16. Thom, leaf and 
fralt of Oledittia WttteU Weber from the Lower Mioeene of Qermeny. 
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by the lack of frapxancc* of its })lossoms. It is a nati\ e of the 
mountains from southwest om \'irginia to OforRia. but lias bpon 
extensively planted in all temperate countries where the climate 
is not prohibitive and has become extensively naturalized east 
of the Mississippi as far north as Mas^chusetts. 

The rose acacia, Rebinia fatpida Linn, of the southern Appa- 
lachians, a shrub with pink or purple non-fragrant blossoms; 
and the New Mexican locust, Robinia neo-mexkana Gray, a 
shrub or small tree of the mountain valleys of Colorado, New 
Mexico. Arizona, and southern Utah, with handsome blos!»oms, 
are both favorites outside their natural limits for ornamental 
planting in both this country and western I']urope. 

The geological history of the locust is beset with difficulties, 
the leaflets usually becoming detached before foralization and 
both leaflets and pods bemg often impossible to differaitiate 
from other and unrelated leguminous leaflets and pods. This 
difficulty of distinguishing between the fossil leaflets of the 
various genera of L^uminoSB has led paleobotanists to establish 
'A yiurely form-genus known as Leguwino.v'te,^ for leaflets of this 
sort that cannot be itientified with certainty beyond that they 
are leguminous. Large numbers of species of Legumimsitcs 
ranging in age from the Upper Cretaceous through the Tertiary 
are known. Among these are several that mi^t well r^resent 
an Upper Cretaceous locust, but sueh an identity is not con- 
clusive. Certain pods from the top of the Cretaceous in 
Colorado have been referred to Robinia but nnce this genus has 
not been recognized with certainty in the succeeding Eocene 
deposits either in this rountr>'^ or ebewhere, these too must be 
considered m questionable. T^vo species of locust have been 
recof^nized in the Oligoeene of Europe one in France and the 
other in Italy. It is in the Miocene, however, that the locust 
becomes widespread and exceedingly ccmmon. At least a 
dosen diffoent species have been recognised from European de- 
posits of this age and one of these from the late Miocene of 
central France is so similar to the listing locust of North 
.\nierica that its describcr is disposed to consider the two as 
identical. This form continued to exist in the European area in 



Digitized by Google 



OBOLOGIC HISTORY OF THE LOCUST 289 

Pliocene times. A well marked locust has also been found in 
the deposits of the lake basin at Florissant, Colorado, but no 
other North Amerieau Miocene form has been discovered. 

In addition to the veiy modem lookmg Pliocene form already 
mentioned a second was common at tills time alcmg the Medi- 
temmean coast of southon Europe from Spain to Slayonia. 
There is no evidence that the locust survived the firet jjjacis tio n 
in Europe but in North America we find the nKxlem species in 
the Interglacial deposits of the Don valley in Ontario some 
distance north of itB existiny: range, and it is also found in the 
late Pleistocene of Maryland. 

THE HONEY LOCUST (OUdiUin) 

Hie black locust is sometimes called the h<mey locust in New 
Englaad because of its fragrant nectar-bearing blossoms. The 

true honey locust is, ho\ve^•er, quite another tree and belongs 
to the family Caesalpiniacee, Robinia belonging to the family 

Papilionacejc. 

The honey locust belongs to the genus (tlrditsia, sometimes 
spelled OMiischiu aince it was named by Linnaeus in 175'^ in 
honor of J . T. Gleditsch, a geniian botanist. Gleditsia contain.s 
five or six impedes natives of eastern North America and Asia, 
and three of these are found in the United .States. One, Cfk- 
dMi texana Sargent, is confined to Ihe Brasos River valley in 
Texas; a second, the water locust Gleditsia aquatica Marsh, is 
found in our southern states: and the true honey locust, Gle- 
dilsia triacanthos Linnaeus, a tall graceful tree, ranges from 
Ontario and western New York to Georgia, Kansas and Texas. 

The honey locust is a large tree 75 to 140 feet in height and 
with a trunk two or three and occasionally as much as six feet 
in diameter. It is eoceeedingly graceful in habit with its slmder- 
spreading and somewhat pendulous branches forming a broad 
0|wn head. This together with its tiny leaflets gives it more 
the appearance of so many of the tropical species of LeguminosB 
rather than of a tree of the Temperate Zone, and it is conse- 
quently a general favorite as an ornamental and shade tree in all 
countries with a suitable climate. 
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The leaves are sometimes slender stalks with 9 to 14 pairs of 
obloiiffK>vate leaflets whioh are never over 1| inches long and | 
ineh wide, and which usually have a elightly» but not apparait, 
crenulate xnaigin. More usually the leafstalk bears from 4 to 7 
pairs of branches each \vith S to 12 pairs of leaflets, which are 
generally under an inch in length and | inch in width. Such 
leaves in v. hich there is on (xkl tprminal unpaired leaflet on the 
main stalk or the branches is termed even pinnate. Sometimes, 
however, the honey locust leaves do have such an odd teniiinal 
leaflet, and frequently either the basal or the terminal part of 
the leaf stalk will lack subordinate leaflet bearing branches and 
have in theb place somewhat larger leaflets on the main stalk 
with tiie leaflet beating branches in the middle part of the leaf 
stalk. The stipules are small and are soon shed and do not 
develop into spines as in the black locust. Nevertheless the 
hone}" locust is plf^ntifully supplie<i wit)! thorns. These are 
laru;e and much branched and are not sujjeiiicial (ei)idennal) hke 
thti spines of the black locust but are true abortive branches and 
cannot be readily detached except by cutting. 

The flowers appear in tiie late spring after the leaves. They 
are not especially eonsincuous being greenisb-wbite in cobr, 
but are exceedingly fragrant and abundantly nectar-bearing. 
They are not iiiegular like a pea bkisBom as are those of the 
black locust, but regular and polygamous, i.e. some are pollen- 
bearing and some seed-bearing. The pods are large and 
flattened, bright brown or purplish in color when mature, and 
are always more or less cur\ ed and twisted as they contract in 
drying during the autunrn. They are from 5 to 18 inches long 
and about an inch and one half wide* The space between the 
seeds is filled with a sweet succulent pulp, hence the name h<»iey 
shucks, and the pods do not split open when the seeds are ripe. 
The wixmI is much like that of the black locust and is used for 
similar purposes. 

The water locust is a much smaller tree, with leaves much like 
those of tlie honey locust but with somewhat larger leaflets, w hich 
are thicker and a darker green. The pods, however, are not 
much longer than wide with only one or two seeds and without 
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a succulont pulp. Tho water locust is an inliabitaiit of river 
bottoms and swauips aud attains its niaxuauju size iu the bottom 
flwamps and along stream banks in Louisiana aojd Arkansas. 

No representatives of the honey loeost can be recognised with 
certainty in either the Upper Crotafieoue or the Eocene, although 
there are a nmnber of leguminous leaflets found in the itocks of 
both of these periods that might well represent its ancestors, in 
fact a genus call<Ml GledilsiophyUum found in both the Upper 
CretaceouH and the Eocene of North America is suggestively 
Uke the honey locust. 

A supposed species is recorded from the Oligocene of Europe 
and there are a number of undoubted Miocene species. Seven 
or eig^t have been described, one occurring on the east coast <rf 
Asia and the others all confined to Europe, where thoy are 
known from Greece and Hungary to France. They were 
especially abundant in the Miocene woods of Switserland in 
the days before the formation of the Alps had been completed. 
Pliocene records are wanting in both this country and Europe. 
The modem s})ecies appears in the early Pleistt>ceue of Ken- 
tucky and an extinct species is recorded from tiie Interglacial 
deposits of the Don valley in Ontario* 

THE KENTUCKY OOFFEE-TREE {Oymnocladu$) 

Gyrmodadut is one of those rather numerous and imielated 
genera that at the present time is native only in southeastern 
North America and southeastern Ama, and lUce the Tulip-tree 

and the Sassafras it has a angle species in each region, scarcely 
distinguishable from one another, while the ancestral stock has 
become extinct in the intcn oning area'-' Our American tree is 
commonly known as the Kentucky cotiee-tree or cofitee bean, 
since its seeds were sometimes used as a substitute for coflfee, 
especially during pioneer and Revolutionary times. It is also 
called the stump tree in certain locatities because the leafstalks 
are often shed after the leaflets and thdr large size makes it 
appear that the tree is shedding its twigs. The fresh green pulp 
of the unripe pods is still used in homcBopathic practice and the 
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pulp surrounding the seeds of the Chinese species is detersive 
and is widely used in its native land as a substitute for soap. 

The Kentucky C<^ee-tree is a large stately tree from 76 to 
110 feet tall with a trunk from 2 to 3 feet in diameter, which, 
however, generally forks to foim three or four main stems 
within ton or fifteen feel of tlie jjround. Tlie loaves are larp:e, 
partiru!:ir!y on x igorons sa])lings and may nieasure tliree foet in 
lenptb l*y two foot in width. Thoy have a stout leafstalk, a 
tenmnai branch uud from two to four pairs of lateral branches, 
each bearing from 6 to 14 pairs of subsessile ovate leaflets, pink 
at first and turning to a bromty green at maturity. The 
stipules, whieh in Robinia become spines, are foUaeeous and are 
soon shed. Nor does the CofTt (vtree develop thorns like its 
dose a% the hcmey locust. The floww clusters are large but 
iffaroely conspicuous except in the young trees. The flowers, 
while .'^ometimps mixed u iially have the pollen Ijearing ones in 
separate and larger rhisier>5 than the seed bearing ones. The 
pods are large antl hard, dark reddish bro\vn in color, and are 
sometimes as much as ten inches long and two inches wide. 
Hiey remain unopened throughout the winter and contain 
numerous very hard globular seeds, about the eise of small 
marbles, imbedded in the sweet pulp. The wood is strong and 
coarse grained, heavy but not hard. Like locust wood it resists 
decay and is orrasionally utihzed for fenc' joists, rails, ties and 
con.struction, and rarely for fal)inet work, i'he .'shortness of the' 
butts and the scattered growth usually render the tree immune 
from the lumbenuau. 

The Coffee-tree prefers ridi soil and occurs q>OTadically but 
nowhere in abundance from central New York and western 
Penn^lvania throui^ southern Ontario and southern Michigan 
to ^e valley of the Mimiesota and southward to middle Ten- 
nessee and southwestern Arkansas. It p^etrates the prairie 
country along the bottoms of ihr larger streams in eastern 
Kansas, Nebraska and Oklalionia. It is freciueully planted in 
parks ill the ea.'steru United .States and in western Europe. 

The geological history of this tree is unfortunately abnost 
entirely unknown. As it occurs at the present time m both 
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Asia and North America it must harp been present during the 
Tertiary in the intervening region, as I iiave ah-eady rciuaiked. 
This implies its presence m not only the Arctic regioii but in 
northwestern North America and very probably in Ehirope. Its 
fonner presence on the last continent has not been d^nitely 
provm, however. Saporta, many \ u ago descaibed leaflets 
and pods from the basal Miocene of France as Gymnodadus 
macrocnrpa, but these are usually regarded as more prnporlv 
referable to some other lepuiiimmis gemis. Squinabol named a 
pod from the Oligocene of Italy Gyvinocla(hts nomlensi's but this 
too is of doubtful identity. An undoubted fossil form has been 
found in North Ammea. This is Gi/mnodadut cam and it 
comes from the late Miocene of the "panhandle" regiott of 
Oklahoma. It was much like the modem Coffee-tfee and is of 
interest chiefly in showing that at that time the western range 
of the genus was not as restricted as it is to-day. 

There are also fossil leaflets found in the late Miocene of cen- 
tral France that appear to represent a European Gymnodadus. 

TBB JUDAS-TREE (C«r«tt) 

Unlike the great nuijoiity of leguminous genera the different 
species of Cereia have simple leaves. These are cordate-orfoicu- 
lar in fonn, glossy green, pahnately 5 to 7 veined and arranged 
in a two-ranked manner on the long shoots. The pods are small 
and compressed, lustrously red purple in color, and fall in the 
late autumn or early winter. There are five or six existing 
species of Ccrn's although the majority of my readers will be 
familiar wiili <*nly the European Judas-tree or its very similar 
Aiuericaii reiati\ e. In addition to tliese two well known orna- 
mental trees there is a third species in Texas, another on the 
Pacific coast of North America, and two or three more in soutii- 
westem, central, and eastern Asia. Thus CereU is another 
genus whose distribution suggests the same thoughts a.s did the 
distribution of Gymnodadus. But in the case of the former 
more links in the chain have remained until modem times and 
its distribution to-day suggests what may have been and 
probably was the distribution of Gymnodadus in Miocene times. 
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Fig. 2. Fospil lernains ol Cercis. All about one-half natural tize. 

I, 2. Cercit anliqua £)aporta from the lower Oligocenc of France. 
3, 4. C«m« nrf/ilimia M unlongo from the Upper Miocene of Italy. 

6, 6. Ccrcfs tintrninirri Sujx^rta from the upper Oligncrno of France. 

7. Ctrcii wilcoxiana Berry from the lower Eocene of Tennessee. 
%. Cerei* fafHufenm Idnn. FlmttocMie of North CmoUiul 

9, 10. Cerci* riliquatlrvm Linn. PldatoetM of France. 
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The European Judas-tree, Cercis siliquaslrum is a native of 
the ooutii of Fnouse, the Spanish peiiiiiiBula, Italy, Greeee and 
Asia Minor. It is a handflome low tree with a flat spreading 
head, much utiliMd in ornamental plantings throughout Europe. 
Its inofuse purplish -pink flowers appear b^ore the leaves. They 
have an agreeable acid taste and are sometimes mixed with 
salads or made into fritters. 

When originally described the Judas-tree was the tree of 
Judea, from its supposed origin in Palestine. This uaine 
gradually became transposed into Judas-tree and tradition ac- 
ooimied f oar the latter name by the Daot that it was tiiis tree on 
which Judas Isoariot hanged himself. The trse was frequently 
figured by tiie herbalists, and one, Castor Durante, gives a 
woodcut showing Judas hanging from the branches thus 
illustrating the popular tradition. 

The American tree, Cercis canademis, is much like its Euro- 
pean relative in every way and like the latter it is commonly 
kuussn as the Judas-tree, particularly m ornamental plantings, 
for which it is extensively used not only throughout our north* 
eastern states but also in western Europe. In its natural sur- 
roundings it is peihaps more often known as the Red bud, and 
is one of the striking objects of the earfy almost leafless spring 
woods, its masses of purplish-pink blossoms close to the branches, 
contrasting with the white of the operhig dogwoml and forming 
splashes of bloom in thp frrny woods. In the latter half of March 
the traveller through \ irgmia and the Carolinas can scarcely 
distinguish from the train window between the blooming peaches 
and the red buds of the door-yards. 

Our Judas-tree grows naturally from the valley of the Delar 
ware and southern Ontario to Tampa Bay, northern Alabama, • 
Missisffli^i and Texas, and extends westward along the bottoms 
of the laiger streams into the eastern border of the prairie states. 
It is said that the blossoms are sometimes eaten, althougli I have 
ne\ er obscn-ed this custom. In the days before the prcvaleJice 
of aniline tl.N es the branches were sometimes used for giving wool 
a nankeen color. 

The members of this genus are too small for lumbering and the 
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wood has no special uses that I know of, consequently we are 
not likely to be deprived of the striking beauty of the Judas- 
tree as we probably should if the wood could be used for bobbins 
or lead-pencils or boxes. 

Fortunately in the case of the Judas-tree a considerable 
beginniiip; hris hrnn mndo in tracing its geological histonr', 
althouu;h the inevitable gaps in this hiptor>* have not all been 
rloppfl. 'Die oldest known fomis cojik- from the lower Eocene 
and all of tliesc, three in number, are Norlli .liiiericaii, occurring 
in Teimessee, Mississippi, Montana and Dakota— the last being 
m a region now one of prairies and bad lands far removed from 
the habitat of any of the costing forms and diowing how the 
ancestral Judas trees were enabled to migrate across North 
America in the more humid days that preceded the development 
of the prairie Uyip of country. A middle Eocene ppecies occurs 
at BoumciTiouth on the south coast of England. By succeeding 
OUgocene times the Judas-tree had appeared at additional 
localities in Iriurtjjje where a very cliuracterislic fonn is found in 
southeastern France in the lower OUgocene and a second French 
species occurs at a somewhat later stage of the Oligocenp. 

We are without informaticm as to whether Cereia came down 
from the north into both North Ammca and Europe or whether 
Ammca was its original home and it spread across the land 
bridge in the repon of Beliring Sea into Asia and thence into 
Euroj>e. Fersonall\ T favor the interpretation that the vast 
and paleobotanically abnost unknown continent of Asia was the 
original home of the genus from which it spread westward into 
Europe and eastward across the Behring land bridge into North 
America. If this is the true stoty th«i this migration must 
have taken place dtiring Upper Cretaceous tunes even though 
we ha^ *' not yet found Cercis in the abundant Upper Cretaceous 
floras, for it is present in the lower Eocene of our Gulf states 
and in tlie middle Eocene of the south of Kiifjland and a joiuney 
from Asia would have re<iuired a very lonu; time. 

The Miocene was pre-eminently the period of hardwood 
forests, and the ance.stral Judas trees seem to have reached the 
zenith of their differentiation and their most extensive range 
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during these ages that succeeded the OUgocene. Although Asm 
remamB an unknown area we have a glimpee of a small species 
preserved in the volcanic ash beds of the Florissant lake basm 

in tlio heart of the Colorado Rockies and a second species in 
Nevada. No less than five species are already known from 
Miormo Kurope, where they are reprosentod as fossils by both 
leaves and pods. It is especiall^^ iiitt'if sting to note that one 
of these from the late Miocene of Italy and another closely 
reliiietl fonn of the same age in France arc directly ancestral to 
the easting European Judas>tree, while a second French species 
(Cerds ameliae Saporta) from the older Miocene of FVance 
seems to have been the ancestor of the existing Cercis japomea 
Siebold of eastern Asia. There is little direct evidence of the 
Juda.s-trec during the succeeding Pliocene times. Since it occurs 
bolli bcfori' and after the Phocene in North America it nmst 
ha\c \)vvn present at that time. In Europe a single Pliocene 
species is known from France. 

As practically everj'one knows, the Pleistocene, which suc- 
ceeded the Pliocene, was a time of continental ice sheets or 
glaciers, which played havoc with the floras and faunas, particu- 
larly in Europe because of the combination of Iiigh mountams 
and seas along its southern harder which effect ually barred the 
ebb and flow of life that took place in Asia and North America 
with thr advance and retreat of the sufrossivo ire sheets. 
During the maximum extent of tho iro only a fraction of the 
Northern Hemisphere was co\ ertd and Asia was largely ice-free. 
The southern limit of the ice in Europe, where the center of 
accumulation and dispersal was the Scandinavian region, was 
the German plain. Here in North America the easternmost or 
Labradoran center of accumulation and dispersal extended its ice 
fields only as far south as Stat«i Island on the Atlantic coast, 
so that there was plenty of room south of the ice for a vast forest 
and game preserve for the subsequent repopulation of the more 
northern region. 

Tliere were at least three periods of glaciation which wcie 
separated by long intervals during which the ice disappeared 
excq>t in the far nwth, and it is m the deposits formed during 
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theae Interglacial periods tbat we find the fossil remains of the 
Jiidas>tree. Beth the American and the European Judas-ttee 

were already in existence. The former has been found in North 
Caroiina and in the Don River vaUey in Ontario. The latter is 
rather common throughout France as far north as the itr of 
Paris, and at a number of locidities in Italy. Both the .Vinerican 
and the European Judas trees frequently depart from the uonual 
orbicular or cordate shape of the leaf, widening them and de- 
veloping an emarginate apex. This may be an ataviatJe tiait, 
smce several of the anoeetral ianoB appear to have normally had 
leaves of this shape. 



BOOKS AND CURRENT LITERATURE 



I'ljosT In.h ky. — Those who are interested in the phj-sirn-ehemical ' 
interpretation of plant phenomena and in the general priiicipli s of 
phyriological rosponse to environmental changes, will be especially 
pleaaed and enooufaged hy Hamy's* acoount ol hia atudiee on tinue- 
hardening and frost injurj'. Students of horticulture, etc., who deal 
with the practieal aspects of frost resistance and frost injtir^' in plants 
will also find much valuaiilc infonnation and stimulation in this paper. 
The work was well-planned, well carried out and the results are very well 
presented. A bibliography of 90 titles acoompanies the preeentatbn. 

The cxperinbmtation was laigdy with cabbage and tomato plants. 
An idea of the scope of the paper may be hatl from the following list 
of the main subheadings. First indications of frost injvin,' and their 
development in cabbage and tomato, Mechanism of freezing, Growth 
devekfpment in tiio injected areas, Beraoddyae <lianges in the injected 
areas of cabbage leaves, Fla8mol3rtic behavior of tumor eelb, Physio- 
logical changes in cablmge during the hardening process. Time and 
temperature factors in acquiring or losing hardiness, Freezing point 
and exprewion of cabbage juices, Chemical changes during hardening, 
Changes in hydrogen-ion concentration of a plant sap on freezing, 
Changes of reaction on plasmolysis, PotenticMnetric determination of the 
changes in hydrogen-ion concentration on freeang, Buffer effect of 
juice from midrib and rest of leaf, Hydn^eH'ion concentration neces- 
sary for normal condition of the proteins, Precipitation of the proteins 
of hardened and nonhardened cabbage on freezing, and on addition of 
acid. 

A significant point n that "wax on the leaf surface prevents the 

inoculation [by ico-crj'stals] of the undercoolcd tissue and thus pre- 
vents injur\' from freezing," when the temperature is not too low or 
the expr>5nrc too long. The tissue liqtuds ;ire rapahle of muc-h under- 
cooling and water on tiie surface of the leaf has Uttle of tiiis capacity; 
hence if water occurs on the surface it freeses faeline the tissue liquids 

' Harvey, A. B. Uardcning prooeas in pliwts and dovclopmcats from first 
injury. JTottr. Agm. Bm. IB; S9~tll. 8 figs, (sbowiog graph*), Fl. 7-11 (bdf* 
tonos) and A (colored). Oei. 14, MIS. 

2» 

«• n*«T won*. VIM. ai, m. 11 
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and ice erysdils apparently rtow into the tissucf throuf?li the larpor 
openings and so start cr>'staIlization within. Freezing first occun^ in 
localized areas, with the filling of the gas spaces with liquid. Another 
important point here emphaaixcd is tliat froaen oells in leaves of cab- 
bage, etc-t are stimulated to later growth and the development of 
enormous tumors "similar to those shown in pathnlof^ical conditions, 
but without the pmsonce of bafterin." (It is remarkable that plant 
pathol<)g>' seems to be generally regarded as dcaiing excluBivoly with 
diseased conditions doe to bacteria, fm^, etc., as if dneases not 
related to the oooimonly studied parasites were not aooompanied by 
pathological conditions! To the reviewer these intumescences that 
follow partial and local freezing arc just* as truly pathological phe- 
nomena as they wonlrl hf if they happened to res-nlt from iKU'tcrinl 
invasion.) This liyperi ro[)hy is considered uj? i>tulm{>s pruaarily 
related to a partial precipitation of the protein content of the cells, as 
a result of freezing, and "this precipitation results in an increase in the 
permeability of the cells to water, and in [an increa>5e in] the ability 
of the cells to liokl sugars." The tumor cells show lower vahK« of the 
freezing-point lowering than do the rest of the leaf cells, but they 
contain more sugars, perhaps in chemical combination and conse- 
quently not effective to lower the freesing-point. Hydrogen-ion con- 
centration is increased in the tissue liquids as a result of non-lethal 
freezing, and this, fogother with alfcralions in salt concentration, — 
b reganled as a main primary cause for the precipitation of proteins 
and the subsequent tumefacient hypertrophy. Apparently hardening 
(by exposure, to low, but nonfreezing, temperatures) is effective by 
altering the proteins so that they will be loas readily predpitated on 
freezing. The effects of desiccation, freesing, and plasmolyals are eon- 
sidered to be similar, in that all thppc processes cause chanjros in the 
hydrogen-ion and salt eonrcnt ration. " This last statement is of 
special interest as a principle of general physiologj'; the similarity of 
these influences (and poisoniii^, as by bacterial excretions and other 
materials, as the author might as wdl have added) becomes more and 
morn emphasized from many points o( view, as physiology progresses. 

— B. E. LiVINOSTON. 

Clucatk and Plant Growth.— Investigations by Sampson* were 
undertaken for the purpose of comparing climatie requirements of 

* Sampson. Arthur W. CHinate and plant growth in certain vegetative aaso- 
ciatioas. U. 8. Dept Agric. Bui. 7W, WIS. 
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import .'int phuif typos and of relating quuiititativfly tlie growth and 
behavior of tiicso pl&utti with various physical conditioiia of their 
environment. The plants employed were Canadian field pea (Pisum 
onwRM), wheat (TrUiewm durum) and mountain brome graas iBromus 
margimtufi) . These invesH^rntions were carried out in the years 1913 
to 1916 at throe j^tations located on the Wasatcli Mountains near the 
Great Basin Forest Experiment Station. Three plant associations, 
oak-brush, aspen-fir and spruce-fir, were represented at elevations of 
7100, 8700 and 10,000 feet respectively. Meteorological data were 
recorded, summarized and related to growth, waft r requirement and 
certain physiological functions of the plants studied. The plants were 
grown in sealed onns. 

Some of the main cliaracteristics of the three type zones were that 
the mean annual temperature increased ttom. the highest to the lowest 
station, normal annual precipitation was greatest in the aspen-fir 
association :iiul evaporation during the growing season iras greatest 
fit t!u' o:ik-biush station. Evaporation was almost as great at the 
spruce-fir station becaasc of high wind velocity there. The duration 
and intensity uf suiLshiue were practically the same and barometric 
tHiesBurcs were nearly constant for each station, though of course 
differing in actual amounts due to differences in elevations. 

It wjis found that the plants matured more rapidly as the effirienry 
of the heat units increased. In the tliree a.'ssoriation>< stutliofl, wheat 
and peas reached full maturity only at the lowest station. Water 
requirement determinations wm in good relative agreement with 
rates of evaporation, each being greatest in the oak-brush and least in 
the aspen-fir jissociation. The total length of leaves and the total 
amount of dry wei^;Iit pro<lu('ed were jjreatf^t in the apjien-fir asso- 
ciation. The rales of these two plant procx'sses varied inversely with 
the evai>oration rates. Stem elongation was greatest at the oak- 
brush station and least at the aspen^r station. There seemed to be 
a direct relation between this plant process and temperature, while 
ai^iarently evaporation had little influwioe. Diy weight per unit leaf 
area, however, seemed to vary inversely with the evaporation. — 
Eakl S. Johnston. 



NOTES AND COMMENT 

ProfesBor Elisabeth F. Fisher, ci tiie department of Geology and 
Geography at Wellcsley College, has prepared a brief volume entitled 

Rpsnim-o?! nnd Tndiistrics of the United States (Giim and Company). 
Although intended for use in secondary schools the l>ook contains such 
a complete and interesting ac(K)Uut of our natural resources and the 
indufltriea tliat faAve grown out of them that it may well be read «dth 
pleasure and profit by those who are old enough to have received much 
drier instruction in geography. The plant and animal industries have 
received their full sliare of attention and the book is well provided with 
maps of rainfall, soik and crop distribution. 

The Macmillan Company have added to their Rural Science Series 
a volume on Ptoch-Growing, by Mr. H. P. Gould, of the Bureau of 
Plant Industry ($2.00). This is a very thorough and practical treat- 
ment of t!io handling of tree, orchard and crop. Particular attention 
is given to tlic selection of suitable orchard .sites, the propter pruning at 
different ages, und the control of discatM>8. The ill-informed consumer 
of this fruit will be surprised to learn that 417 varieties are in common 
cultivation in the United States. 

Dr. P. A. HydluTK annoimccs tlic jnihlication of a small voknne con- 
taining the keys from his Flora of the Rocky MountuiiiM and Adjacent 
Plains. This will find use as a bandy field bode and check list. Thn 
plants of Colorado and adjacent states have now received such exhaus- 
tive anahnsis by taxonomists that there are many cases in which it is 
(•jiaier to make doubt-stilling determinations by the use of keys alone 
than by the aid of manual and herbarium. 
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THE EFFECT OF IONS OF NaQ AND CaCa, UPON 
THE ELECTRICAL CONDUCTrvnY OF 
CERTAIN COLLOIDAL MIXTURES 

NEWTON BALDVVIiN GREEN 
Umivernly <4 Cincinnali, Cineinnaiif Ohio 

PAKT I 

The experiments described in this paper were suggested by the 
discovery of Professor Osterhout that the penneability of plant 
tissues to various ions could be detenumed by measuring the 
ranstanoe offored by the tissue to an dtsetrie cuirent. A d»>' 
scriptkm of his methods fint appeared in 1912i and aiiMse tiiat 
time he has reported numerous additional detenninations of tiie 
effect of a variety of substances upon permeabiUty. 

The method employed by him is now well known, but for the 
sake of clearness it may be well to give a brief description of it. 
He allowed an alternating high tension electric current to pass 
lojigitudinally through a stack of discs cut from the fronds of a 
species of Lammaria, Each disc was covered with a film of sea 
water, which remained after the excess had been dxaJned aS, and 
the stack of discs was held rigidly by a rack of g^ass and hard 
rubber so that the two electrodes were pressed firmly against 
either end. lie found that a cylinder of tissue of this description 
gnvp a resist nncr which was fairly constant and considerably 
higiier than tlie resistance offered by acyUnder of dead tissue or 
a similar volume of sea water. He considered this resistance to 
be an indication of the hindrance offered to the passage of the 
sea water ions by the living inrotoplasm. This is undoubtedly 
true smce the ions must pass from one electrode through aU the 
discs of tissue to the other, sad he demonstrated that the film 

> Osterlwat, W. J. v. Tho Itenttabilify of Ptotoplasm to lou tad ftlM Theory 
of Aatafoniam. 8eieDM»:113. 1912. 

an 
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of water <m the outvde of the tiasue oould only aoooimt for a 
very small fraction of the conductivity. In other words re- 
Bistance is inversely proportional to permeability". 

His next step was to transfer the cylinder to a sodium chloride 
solution having the same b-pecific conductivity as sea water. 
After washing the dm:t> thoroughly in this he removed them, 
drained otf the excess and took a series of resistance reading?. 
He found that there was an immediate fall, whidi up to a certain 
point was veverrible. A sohition of calcium chloride of the same 
specific conductivity as sea water gave an increase in leastamoe 
up to a certain point which wu reversible. From this he con- 
cluded that NaCl increase* permeability and CaCU decrea.ses it. 
Later he showed that all monovalent stilts act similarly to XaCl 
and all polyvalent salts similarly to CaCU. Moreover anaes- 
thetics added to sea w ater decreased the penneability. Another 
significant fact was the effect of a balanced solution of NaCl 
and CaCls. A sohition of this character gave no change m 
penneabihty whatsoever, gave a result omilar to that in 
pure sea water. Antagonism would seem to give the only 
plausible wqjlanation of this phenomenon. In any case it is of 
prime importance to determine the roles played by the different 
parts nf thr aAh involved in tlie process, and to determine if 
possible wiietlier the facts are explainable on a purely physical 
or chemical basis. 

The results just mentioned were brought to the writer's 
attention in a course ^ven by Professor Benedict of the Uni- 
versity of Cincinnati and at his suggestion and under his supers 
viaon, the experiments described bdlow were carried out. The 
purpose of these experunents was to show if possible the rate of 
penetration of ions of NaCl and CaCl.; into cylinders of certain 
non-living colloids; and to demonstrate the presence or absence 
of these phenomena which attended the experiments with 
living material carried out by Osterhout. In brief the questions 
which the writer attempted to answa* were these: Will a cylmder 
of colloidal material permit ions of one salt to penetrate faster 
than those of another? In a mixture of two salts, commonly 
considered to be antagonistic to one another as r^puds thwr 
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eff^t upon permeability, will the ions of one prevent in any 
degree the ionB ol the other from entering? The beaimg of 
these questaoos upon az^ theory of peimeabUity k obvious. 
That either of these questions might be answered in the 

affirmative seemed fairly possible in view of the work of several 

investigators, notably that done by Robertson and Miyake- upon 
the inflnenoo of alkali and alkaline earth salts upon the rate of 
solution of cfuscin by NaOH. Moreover .1. C. Philip' reports 
cases where the coagulation of colloidal material in mixtures of 
chlorides of a monovalent and polyvalent metal is not explainable 
unless the effect of the two k considered to be antagonistic. 

MetM 

In the experiments described here the raits used were the 
"Tested Purity" brand as sold by Elmer and Amend, and the 
agar and gelatine were the best commercial brands. Resistance 
measurements were made m the usual manner with a Wheat- 
stone Bridge set-up using a teleplione as detector and a small 
induction eoil as the source of current. During the latter part of 
the work a \ ariation of this method was employed for convenience 
sake, which in no way had a different effect upon the fmal values 
obtained. The cylinders of colloidal material, while being 
measured for their redstance, were held in a rack similar to that 
employed by Osteifaout. In making up solutions double dis- 
tilled water was used having a specific conductivity of less than 
2 X 10 *^ reciprocal ohms* Since this factor was practically 
constant in all the readings, the conductivity of the water was 
not sulitracted from that of the material dissolved or hatlieil in 
it. All readings were taken at temperatures between 18" and 
18.0 C". A fluctuation of 0.5 va« siiown to be within the 
limits of error from other sources. 

Three different classes of colloidal material were used; first 
15% gelatine in water, second a mixture of 1 gram of agar and 

' Roberstou, T. B. ttuil Miyake. K. The iniiucncc of Alkali and Alkaline 
lOarth Salts upon the Rate of Soltttion of Cbmuh by Sodiom Hydroxide. Jouni. 
Biol. Chem. 20:351. 1916. 

• Philip, J. C. PbyuG&l Chemistry. London, 191Q. 
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10 grams of gplatiiie in 100 cc. water, and third a mixture of 3 
grams agar, 15 grains gelatine and 2 grams of sifted whole wheat 

flower in 2S() cc, of water. Tliese proportions were found by 
experiment :tL ion to give the proper consistencj^ of gel for con- 
venient handling, and yet be fluid enough to give fair electrical 
conductivity. It was found that in the case of gelatine fqr 
instance the eonduetivity varied directly with the amoimt of 
water present hi it. This can be aeeoonted for on the basis of 
increasing ioniaatkii with difaition. Philq>* points out that in 
colloidal solutions the siae of the aggregate molecules decreases 
with dilution, and once it is the entire part ir^Ie in the case of 
colloidal sohitions, which carries the electrical chaise, dilution 
by inerea^iing the number of particles would increase the 
cond\ictivity. 

In practice a cylinder of gel 11 x o3 umi. was employed. Its 
diameter was identiGal with the diameter of the electrodes. By 
compression in the rack its length was decreased to 50 mm. and 
a good contact at either electrode secured. The redstance of 
the 4^1inder when freshly prepared was first determined and it 
was immediately immersed in the solution to be tested. Two 
solutions and mixtures of the two were used, NaCI 0.52 M and 
CaCla, 0.278 M. These were the concentrations employed by 
Osterhoiit and each gave a conductivity equal to sea water. 
At intervals the rack was removed from the solution, drained 
and reeistanoe measured. This was continued until the resist- 
ance of the gel became identical with that of the solution under 
consideration. Curves were then plotted with the resistance ui 
ehms as ordinates and minutes as the abscissae. The detomi- 
nations of each individual combination were repeated many 
times and on the whole remarkably consistent results were 
obtained. 

Results and discuasion 

For the sake of convenience in the description of the results 
the kinds of colloidal material will be designated by the numerals 
I, II and III, coneqionding to the order in which they are 

<FbiUp, J.C.(0e.et(. 
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described above. The three different classes of material gave 
practically the same kind of resistance curves. There was 
greater variation m the case of colloid III, doubtlesB because of 
the preeence in it of the whole wheat flour with its undetennined 
deotrolytes. In the following curves, which are typical, the 
points just made are well illustrated. The rate of penetration 
of the ions is at first very rapid, the resistamoe often falling 1500 




Fm. 1 



(duns in the first minute, then it gradually slows do^vn and the 
final fall of 50 to 100 ohms is only accomplished after some 

forty hours. 

During the first few hours there is an average difference of 
20% between the readings with NaCl and CaCU as in figure 1. 
Hie diffusioii of Ka ims is faster than the diffusion of the Ca 
ions because of the greater adsorption of the latter by the gela- 
tine. This adsoiption occurs first at the surface of the colloid 
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whflra the salt ions penetntte and the effeot is to hmdor the 
further entranee of both ankms aad catkms. 

In figure 2 the eyUnder was immened first m NaCl and after 
ten minutes CaCli was subetituted. The seoond part of the 
eurve diows no effect of the Na ions which are akeady present, 




Pio. 4. 

and there is no indication that the ions of the second salt are in 
any way prevented from entorinp hy the ions of the first salt. 

Figure shows with the colloidal mixture the more rapid 
penetration of the NaCl ions. Fenn* comes to a similar con- 
chision but attempts no ^cplanation. 

* Fenn, W. O. Similarity in the Behaviour of ProtopUsm and CSelatine. Proe. 
NaU. Acad. Sd. 2: 530. 1910. 
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\Mien the NfiPl and CaCU solutions are niLxed in the pro- 
portions of lOOU to 15 and the rate of penetration into colloid 
III measured, a curve is obtained as shoMH in figure 4. Along 
with this curve is plotted a curve showing the effect of NaCl 
alone, making the eonchision obvious. This experi m ent was 
repeated unng other proportions and in every case the curve 
followed a course between that obtained for either salt alooe, 
the preponderant salt having the greater effect. Apparently 
the inliibitive effect of the adsorbed Ca ions is no-greater for ums 
of one salt than for another. 

Summary of Part I 

Cylinders of colloidal gel such as gelatine, or mixtures of 
gelatine, agar and whole wheat flour, are readily penetrated by 
ions of NaCl and CaClt, the initial rate of pene^tion is not 
the same for both salts; after several hours the rates, become 
identical. At the beginning the NaCl diflFuses more rapidly than 
the CaCU, the ratio of the two rates being approximately 
10:8. Because of the greater adsorption of the cations in the 
case of CaCli the diffusion of ions is hindered to «oTne extent. 
This occurs at the surface of the colloid and may help to account 
for Osterhout's decrease in penueability using calcium salts 

When one salt is allowed to penetrate the colloid for a time 
and then a second salt substituted, the rate of penetration of the 
ions of the latter seems to be tmaffected by presence of the f onner. 

A mixed solution of NaCl and CaCls gives a curve of resistance 
fall similar to that' of either of the constituents alone. It apn 
proaches in value more nearly the curve of the predominant 
salt. 

The ions of NaCl and CaClj do not antagonize duc another as 
regards their penetration into certain colloidal gcb, notably 
gelatine, and mixture of gelatine, agar and whole wheat flour. 

PART II 

The electrical detennination of the penetration of ions into 
gelatine is valualile as an index of the rate of difTusiou of those 
ions, but it does not show (except very indirectly) the actual 
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effect of those ions upon the colloidal particles. The resistance 
offered by a cyUnder of gelatine is so great oompaied with that 
offered by a siniilar vohime of 0 J2 M NaCl that, when the two 
are mixed, the part played by the foimer is wholly lost in the 
enormous eflfect produced by the latter. The importance of this 
faet was not fully realised by the vniUr until his attention was 




Fio. 5 



called to the results fibtained by Fenn.' He measured the pre- 
cipitating effect of 9'/ '< alcohol upon gelatine to which had been 
added various substances. He showed that any electrolyte 
added to pure gelatine in increasing concentrations dccrcasetl the 
ability of the alcohol to cause precipitation; and that electrolytes 

• Fenn, W. O. 8«1( AntafMium in OelatiM. Proe. N«tl. Aoad. 8«i. S: 534^ 
1916. 
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may be divided into three classes as r^ards their cflfect upon 
each other in relation to the gelatine. Members of any one 
group give additive effect when mixed together. But when two 
individuals from different groups are mixed the effect is antago- 
nistic. This antagonism is between unadsorbed ions bearing 
opposite electrical charges, and is made possible by the tendency 
on the part of the gelatine to adsorb more of one kind of ion than 
of the other. 




He showed that NaCl and CaCl, belong to different groups 
and that mixed in proper proportion and concentration they 
caused precipitation without the addition of any alcohol what- 
soever. From this he postulated his theory that antagonistic 
salts produce a precipitate or state of aggregation of an isoelectric 
nature in the protoplasm, and that protoplasmic permeabiUty is 
directly dependent upon the amount of this precipitate, being 
inversely proportional to it. 
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Fenn's hypothesis as skated above does not eiplain why every 
salt should not increase permeability. However, in a second 
paper^ he deseribes further experiments and states their appli- 
cation to protoplasm. To explain the decrease in penneability 
caused by CaCU he postulates a condition of protoplasm in which 
there is a predominance of anions. This may be brouglit about 
in gelatine by the addition of a small amount of NaOH, which 
belongs to the third group of electrolytes and antagonizes both 
NaCl and CaCl... The gelatine plus NaOH bears a negative 




Fio. 7 

chaige because of the greater adsorption of - the sodium ions. 
When either NaCl or CaClt are added antagonism occurs but not 
at the same molecular proportions, for calcium ion is muoh mcnre 

readily adsorbed than the sodium ion. The latter even at low 
concentrations are numerous enough to overcome the OH ions 
and transfonn the charge of the gelatine to the positive side of 
the isoelectric point. The Ca ions on the other hand are 
actively adsorbed and those that remain are not numerous 

^ Fenn, W. O. Similarity in the Behaviour of FrotoplaHB and Gelatine. 
Vnc. Natl. Acad. Sci. 2: 539. 1916. 
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enough to overbalance the OH ions until the concentration is 
considerable. As this point is approached the precifntability is 

of course increased and in the case of protoplasm the permeabUity 
is decreased. After the isoelectric point is attained the pre- 
ponderance of cations causes the gelatine to behave as thou^ 
only one «alt were present, that is the precipitability decreases. 

Fenn showed that this process actually did occur in gelatine 
and he demonstrated u remarkable likeness between his curves 
of precipitability and Osteriiout's' curves plotted from the 
changes in tke electrical resistance offered by discs of Lamimna 
frond. To complete the anakigy it is necessary to assume that 
in the case of Laminaria the effect of tim*/ to increase tiie 
concentration of the salts in the tissues. In this connection 
Fenn also predicted that the changes m electrical resistance 
offered by the gelatine, as the salt concentration is inrreased, 
wili give curves which are also similar to those of Osteriiout's. 
The experiments which the writer will now describe were under- 
taken to test the truth of Fran's prediction, namely, that the 
electrical resistance of the gelatine is greatest at the isoelectric 
•point, where the least alcohol is needed for precipitation. 

Method 

The gelatine used was one of the best commercial brands but 
proved rather unsatisfactory because of the unavoidable high 
electrolyte content. In a 1.5% sohition the gelatine gave a 
specnfie conductivity twenty times as great as once distilled 
wat^, which had a specific conductivity of approximate^ 
2 X 10~*. In practice a series of test tubes was prepared each 
containing the gelatme soUition plus the salt solution, the effect 
of which was to be determined. For each tube was prepared a 
control containing aU the constituents with the exception of the 
gelatine, for which distilled water was substituted. The specific 
resistance was measured by means of the apparatus described in 
the first part of this paper and the readhigs were corrected 

• Ostcrhout, W. J. V. The Permeability of Protoplasm to loos and the 
Theory of Atttogonimi. Scbnoe tt: 112. 1913. 
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for temperature. The difference between the leeistanoe of any 
tube and its control represented the resistaiice due to the gelatine 

alone. This was of course a nepitive quantity in the case cl 
pure gelatine and its control, but for all salt concentrations 
above 0.005 M XaOH it was positive. This is to be expected 
since the colloidal particles obstruct the patli of the ions; and 
the effect is ov erbalanced by the native gelatine ions only when 
the added salt concentration is very low. 

Since the purpose in perfonning these exper ii nepte was merely 
to demonstxate the connection between pieeipitabifity and con- 
duotivity, only the most elementary of Fenn's combinations 
were attempted. NaCl in concentrations from 0 to 1.0 M were 
added to the pure gelatine solution and to gelatine solution plus 
NaOH. CaCl. was also added at similar concentrations and 
curves plotted for the specific resistances due to the gelatine. 
Sample curves are shown herewith. It will be noted that the 
curves in irtiich the NaOH is lacking exhibit the character which 
has been previous^ pointed out, i^*, that until the higher salt 
concentrations are reached the resiBtance vahies for the gelatine 
are negative. This lack of resistance is due to native electro- 
lytes in the gelatine which provide enough ions to overbalance 
the inhibit ive effect of the colloidal particles. WTien thp mn'es 
are examined with this fact understood, they are seen to agree 
with Fenn's hypothesis for the resistance of the gelatine does 
decrease as the salt concentration increases. 

The curves of the resistance offered by gelatine phis NaOH 
are remaikably sfanilar to Fenn's curves of preeipitability. The 
isoeleetric point where the lesirtanee is greatest, occurs when 
the ratio of CaCL. to NaOH is 0.0126 M : 0.005 M. In the case 
of NaCl the isoelectric point occurs before the concentration 
reaches 0.00625 M and since this is the lowest concentration used, 
the curve of resistance falls from the start, as did Fenn's curve 
of precipitabiUty. 

It is possible then to make tlie assumption that in the case of 
pnitoplaan deetiical conductivity and hence permeability is 
determined by the presence of a precipitate, which in turn is 
dependent as to its quantity upon the relative proportions at 
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certain eleetrolytes. Morwver thaae dectrolytes may be ela8si<- 

fied into three groups as regards their effect upon one another in 
relation to this precipitate, said effect being due to antagonism 
between unadaorbed + and — ions. 

Summary of Pari II 

Determinations of electrical resistance were made of solutioxu 
of gelatine to whioli had been added salts in varying concentra- 
tions. The pnqiose of t hese deterui illat ions was to show w hether 
electrical resistance varieii directly with the precipitability of the 
gelatine as determined by Fenn. 

The electrical resistance of the gelatine was found to vary 
directly with the precipitability, wludi is greatest at the iao- 
electrio point. 

The isoelectric point occurs when the unadaorbed + and — 
ions of the added salts balance one another. 

Tt is assumed that i)alanced solutions owe their effectiveness 
to the faet that tho protophism adsorbs from them equal numbers 
of -f and — louh thus bringing tlie condition to the isoelectric 
point, at whicli there is greatest ionization of the protein, greatest 
amount of precipitate and greatest (or nonnal) peimeability. 



THE ExNDEMIC PALMis OF HAWAII; PKIICHARDIA 



VAUQHAN Mi«CAUGHEY 

All of the native Hawaiian palms are endemic, and are members 
the genus PrUdiardia, Tlie eicact botanic status of a number 
of fonoDB is still unsettled, but it is entirely evident that Priidiardia 
in Hawaii has manifested the same polymorphic tendencies in 
evolution that characterise many other distbictiveiy Hawaiian 
plant and aniinal genera. 

The writer has been particularly intere^;tetl m fiold studies of 
the Hawaiian species of Prilchardia, and in tIu: recognition of 
their large ecological variations. It is his mature (fonclu^ioii 
that all of the Hawaiian forms liave evolved from one or possibly 
two primitive ancestral stodcs; that new farms ore developing at 
the piresent time; and that many of the described "species" are 
in rrality only subHspecaes or varieties.* The descriptions in the 
literature have been in many instances, based upon very limited 
herbarium material and have by no means taken into full ac- 
count the ecologic factors.^ These latter are of unusual impor- 
tance in any critical study of Hawaiian organisms. 

The genus was established by Seemann and Wendland m 
Bonpiandia (9, 1861, p. 260 and 10, 1862, pp. 197, 310 t. 15). 
The genoie duunctors were d^ned as follows: 

Fiores bermaphroditi, series. Spathie 00 cylindricac, subcompletae. 
Pcrigouium extends campanulatum, 3-denticulatum, interius 3- 
phyllum, phyllia basi tnincato-oordatis cum staminum cylindro con- 
natis, deciduis, prefiefloratione valvata. Stamina 6, subsqualia; fila- 
mcntis in tubum brevem connatis, antice livcris lanecolatisque; an- 
theris oblongo-lanceolAtis dorso affixis. Ovarium 3-Ioculare, ovalis 

< For an extended dbeuaston of the evolutimi of epeeiee and TarietiM m IIm 

Hawaiian fauna and flora see Vaughan MaeCaughey, Outstanding Biologieal 
• Features of the Hawaiian Archipelago, American Naturalist, in press. 

' See Forests of the Hawaiian Isiandis, Vaughan MaeCaughey, The Plant World 
IS: 102-160. June 1910. 
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basi affixk. Styli apicales, uniti. Drupa baccoeformis, 1-cocca, endo- 
carpio tenui. Albimieu iequabile, per chalazum et raphem in latere 
ventrali Isevissime tmptessum. EmDO'O dorsale, paululum supra basim 
posittim. — Arbores erectae, inermes, frondis flal>olliformis, palmati- 
sectis, petiobs inermisj spadicibus lateralibus, longe peduneuiatis 
paniciilo-duplicatovel tnplieBto-r&nioaB. 

The genus was named in honor nf WilUam T. Pritrhflrd, 
British consul at Fiji in 1860. It belongs to the tribe Cor;>'pheoe, 
and is distinctive of the islands of the Pacific. If Colpothrinax 
be incuded in the genus, the range is extended to Cuba. ColpO' 
fhrvMOi IB distingoififaed from the true PHtcftordia by tiie faet that 
the Utnmet has an ovaiy made up of distinct carpels, the latter 
does not. Tlie mdueion of Co2|N)iAruiax with PrfitAor^ which 
is not favored by the writer, raises some very interestdng problems 
in geographical distribution, somewhat beyond the scopp of this 
paper. The writer \\&fiE Pritrh nrr] i n a? a well-definr'd I 'olynesian 
genus, which has reached its h^est development m the Hawaiian 
Archipelago. 

The exact nmnber of species G<mipri8ing the genus is unknown. 
Hie following foims are at present reecguiaed m the litoraturiP 
but the specific status of a number of the Hawaiian "species'' 
is open to serious question. 

P. aredna Beccari; P. Beccariana Rock; P. eriphora Becarri; P. 
eriottadiia Beerari; P. Cktudiehaitdii H. Wendhnd; P. HUMmmdi 

* Id addition to the 16 species listed, there are numerous names either of 
dubiouB signifteaiHse or ■jmooymi, in tba lltentttre Seme of tbaae are: 

Pritchardia aurra IT. Lind. — ? 

P. borneeruia H. Lind. — ^Licualae sp. 

P. CitttttiofMi R. Lind. — ^Lirtetona sp. 

P. filamentosa 11. WvmU —W a.sh i ngtonta fiUftfO, H, W«ndl. 

P. filijera Lind. — Wathinglonia fili/tra. 

P. gnmdit H. Bull-'-LiaHita vrwiAt H. Wendl. 

P. grandia H. Veitch — Licuala orbicularia Becc. 

P. iM$ignis Becc. — cultivated in botanic gardens, Georgetown, Deinerara. 
P. macrocarpa H. Veitch H. Lind — 
P. MaidtniatM Becc. — oultiTated. 

P. ntirenxii Ilort.— ? 
/'. nobilia llort. — 7 

P. pacifica var. Samoentia Born - flemoa 
P. robiMte Hori.— ? 
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Beccari;P. lamgem'Berviiri ; F. Marlii H. Wendland; P. minor Beccuri; 
P. Pnrijira Soornann Sc IT. Wendluntl; P. pericularton Wciidlnnd; 
P. remota Beccari; P. Rockaiim Bett aii; P. Thurstonii F. v. Mueller 
and Drude; P. VuyUiekeana H. Wendland; P. WrighHi Beccari. 

The geographical distribution of these 16 fonns is as follows: 

SOUTH PACIFIC OCEAN 

Fiji. Tonga, Samoa P. Padfico 

Fiji uuly P. Thurstonii 

T, " . , 1 ( P. vcriadarum 

Paumotu .Vrch.ix'iago ^ p VuyUiekeana 

ffORTH FACtnC OCEAN 

Hawuiiiin ArchipolaKo: 
a. AU big^ islands of group 



P. HiUrhrarnli 

P. Gaudichaudii 
P. Martii 
P. Beccariana 

b. Hawaii only ' P. erioHinchia 

' I P. Innitjera 

e. Maui only P. uncinn 

d. Oahu only P. Hovhinnn 

I'. Kauai only .P. minor 

L Low islets only ^Ndioa & Laysan) '^p JJmSJT" 

W£8T INDIES 

Cuba only (ColpoUirinax) C. Wrightii 

P. Marta is leoorded as m oultivBtioii in southem CaUfonua. 
Seeds of other species have been sent, at various times, to 
botanical gaidens throughout the world, where the trees may be 

seen in cultivation, and often erroneously labelled. 

The name apphed by the native Hawaiians to all species of 
Pritchardia is Icndu and this convenient designation will be used 
generally in the subsequent remarks. The loulus nre abundant 
in many parts of the islands, especially in those j)urts of the 
rain-forests thai iiave not been ravaged by man or hve stock. 
In the Punahiu Mountains, Oahu, for example, there are 
hundreds of trees; every ravine wail is marked by one to many 
clumps of this oharaeteristie and easily recognised pahn. It 
usua^y does not grow m the extreme ridge-crests or summit 

TBI FLAjn WOBLO, VOL. 31, NO. 12 



Digitized by Google 



320 



VAUGHAN MACCAUOHEY 



peaks, but on the Blope8» where ite foothig is more secure and it 

is protected somewhat from the strong winds. 

The vertical range of the hulu eKtends from searleyel to aa 
elevation of about 50()() feet. These are the extreTnes. however, 
and the bulk of the range lies between 1000 to M)i)i) feet, in the 
middle forest zone.* In early tinies the pahnii were very 
much more num^x)us than now near the ^^a and at the lower 
lev^. They have been almost whoUy ext^minated from the 
lowlands by man and livestock, as have many other Hawaiian 
beach and lowland plants. The upper levd coincides with that 
of the middle forest zone : on Maui and Hawaii, which rise hl^ 
above this zone, the loulus do not ascend above 6500 feet. 

The louhi find.s the optimum conditions f(^r its dp^-olopinent 
in the level portions and ravine bottoms of tiie rriin forests, 
where it is protected from the winds, where the soil i.s dee]3 and 
ricii, and where it can rear its crown above the surrounding 
vegetation. In these situations it attains a height of 30 to 45 
feet with a trunk 12 to 16 indies in diameter, and a magmficent 
orown of massive foliage. 

The normal water requirements of the loulu are a substratum 
well saturated and a humid atmosphere. It will not grow in 
situations where the water is stagnant, nor where the soil is 
xerophytic. It is able to maintain itself, however, in rather 
dry atmospheric conditions, as on Kilioa and Laysan. The 
palms on these low, wmd-swept islets are stunted and give 
ample evidenoe of the unoongeniality of their environment. In 
the rain-forests the soil is wateiHBoaked throughout the year. 

Cfaunps of aged kndu pafans are plentiful along the windy 
precipices of the various islands, at altitudes of 1800 to 3500 

* Rock states (Indig. IVee Haw. la. p 99) that "the native Pritchardias 
. . . are found only at an elevation of about 2000 to 3000 feet in the wcat 
or rain-forest zone, though occasionally F. Gaudtchnrtdti occurs near the beach 
and often at 1000 feet elevaUoa." This atatement is sflareely aeeurate, for 
various forms of Pn'trhnrdia hahittinlly orcur hoth ahove and below the 200O to 
3000 feet sone. Like many other native Hawaiian plants, the loulus in ancient 
times undoubtedly hae nraoh larger rnngee than at present. Regiotts in wliieh 
the !ou!u palms are :ihundant today are: Waialealc, Kauai; Koolau Mountains, 
Oahuj mountains of East Molokai and West Maui; windward slopes of Hale^ 
ka'la, Kea, and Loa, *nd the Kohala Mountains, Hawaii. 
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feet. In these inaeceanble liabitats the palms nuuntam a pre- 
earioiis footing. They are conspicuously dwarfed and wind- 
formed, and are usually und^ 8 to 10 feet in height. How the 
palms reached these remote hanging valleys is difficult to undeiv 

staiid, a*? no natural appncy is kno^^Tl whereb}- seeds could have 
roar-lipd t!if>se statioTLs. Tlie i)abns liave cvideiitly oenipied 
these stations for very hmp, i)eriod8 of time, and may be the 
vestiges of much larger primitive groves. 

The life period of the loulus, like that of many other Hawaiian 
trees, is not known with accuracy. All plant growth in the 
nun-forssts is very slow, and the Undu gives every indication of 
conforming to this general rule. The average mature 2bu2tt is 
probably at least 50 years old, and a large proportion of tiiem 
are proljably double or treble that afi^e. The active erosive 
agents along the ravine wall, preeipico, and streimi-way are 
evidently the chief factor.^ in terminating the life of the tree. 
It is probably true that the loulu rarely dies of old age, but is 
destroyed by torrent, wind, or landslide. 

The dissesnmation from higher to lower levels is easUy imder* 
stood. The heavy, hard, durable drupes drop from the tree, 
and are carried by their own weight down the steep slopes which 
characterize the regions occupied 1)y the rain-foroste* They may 
either lodge in irregtilarities in tlie slope or (r^ yow commonly 
occurs) roll down hito the stream. They are carried along the 
streamway, finally lodging and gemiinating. Hence it is not 
difficult to account for the loulu along the valley slopes and 
streams. 

The young Umlu pabn is shade tolerant. For many years it 
mtist grow under the canopy of the rain-forest. Eventually, 

however, it lifts its crown of great stiff leaves and recdves im- 
obstructed illumination. The mature palms are intolerant and 
do not grow well under the shade of taller trees. In looking 
across a woodcfl ra\'ine all of the mature loidits are easily 
perceived, because they stand out plainly above the other 
vegetation. 

In view of the unsettled status of Pritchardian species in 
Hawaii the writer feels that a general statement of the oiil- 
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standing features, common to all the foims, will be of greater 
value and interest to fellow-workere than any attempt to further 

multiply the descriptions of suppositious spocifi*^- 'liffprences. 
The followmg charaoters apply to the Hawaiian forms of 

Pritciiardm: 

Roots: The root system is simple and compact. The roots 
of a mature tree have a total sptead of 6 to 8 feet, although many 
of the roots are much shorter than this. Most of the roots are 
densely clustered immediately bdow the base of tiie tree. The 

roots are light brown, brittle cortex and sparingly branched, 
0.50 to 0.75 inch diameter, with a tough woody central cylinder. 
All roots examined by the wTiter have been notably free from 
disease or infestation. No economic uses are known for the 
root among the natives or others. 

Trunk: The Imdu trunk is imarmed, and invaiiably un- 
brandhed. Sudsers or (^shoots are never produced at the base, 
although the growth of seedlings close around the base some- 
times stunulates the soboliferous effect. The trunk is erect and 
usually quite vertical, even in wind-swept situations. Along 
the very windy summit ridges the erosi%-e actions of the steep 
slope and the positive heUotropism of the cromi causes the trees 
to lean out againM tho wind, rather than to yield to it. 

On the steep ravine walla the truiikii are often strongly curved 
at the base, the stem rising from this concave base. This con- 
dition is due to the rapid erosion of the ravine^wall and the 
^ort on the part of the plant to prevent itsdf from sliding down 
hill. Many woody plants on the steep slopes have this common 
ecologic character of strongly cun'^ed bases. The base, cs- 
pcH-ially of ymmg palms, is sometimes swollen or Inilbous. but 
this character is variable, and its eook>gic signiiicanoe is not 
known. 

The trunK of the matiu-e palm is 4 to 40 feet in height and 6 
to 16 inches in diameter. On wind-swept summits the average 
height of trunk alone is 4 to 5 feet; in protected situations, as 
in gorges and in the tall forests of Hawaii, the trunk not uncom- 
monly ri^s to 25 to 35 feet. 20 feet may be taken as an average 
height. The trunk of P, WrighUi Beccari, the Cuban Barrel or 
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Bottle Palm, now placed with the true Pritchaidiaa, is swollen 
or bottle-diaped in its bwer iKntion, above this it is Blender; 
the whole tnmk riaes to 30 to 40 feet. 
It is a conmu)n experience to find the trunks mutilated by de^ 

gashes or machete scars. These arc footholds rut by Hawaiians 
and others who have climbed the trees to gather the leaves or 
fruitH. 

The trunk may be naked throughout, or clothed towaid the 
summit with dead leaves and petiole-baaes, or clad throughout 
with old petiole-bases. These latter often remain clinipng to 
the trunk lor many years and fonn a large mass of dead material, 

usually extending for 2 to 4 feet down below the living crown, 
and projecting for 6 to 8 inches on all sides of the tnmk. This 
coarse matting is easily stripped ofF; snnh action arouses various 
lepidoptera and otlier small insects that habitually conceal 
themselves in tiietie situations. 

The bark is grayish or reddish brown. The fissures are 
shallow, sinuous, not close together, and not confluent. The 
annular petiole-scans are dosenset, not prominent, and soon 
become indistinct. The bark is relatively thin — about 0.1 to 
0.3 inch thick — and very soft and corky. On its dry or leeward 
ude the tnxak is usually chalky white, and thus conspicuous for 
a considerable distance. The windward side is stained and 
weather beaten. The wm>d is soft and fibrous. Its color is 
white, tinged with nnldish; it darkens rapidly ujion exposure. 
No economic uses an* known for tiie trunk or wood. 

Leaves: The l«ives are texminaL The tenninal bud is 
central and erect, ebngate, conical, acuminate, 20 to 35 inches 
talT, and composed of 6 to 8 young leaves. These are com* 
pactly folded upon their own plaitings; the inner ones are 
creamy-yellow and tender. The writer has often found the 
apical part-^ nf the bud leaves more or less seriously attacked by 
aphids and luugi. Unlike the native.-* in certain other countries, 
the Hawaiians did not use the succulent temiuutl Imd for ffxMl. 

There are generally 20 to 35 fully mature living leaves ou u 
mature tree. The fully-expanded leaves rattle in the txeeie as 
though they were made of thin dieet metal, they are so con- 
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aoeous* The dead leaves are tou^ and leatheiy and are 
geoisnJly rotten at the base, where the moisture coUecte. 

Pbtiole: The petiole is unarmed; 2 to 4 feet long; concave- 
convex, with sharp edges. The petioles of \o\inp: plants are 
much longer and more slender than those of inature plants, and 
have little or no matting at the base. On old leaves the iibmuB 
matting (vajj^ina) often exteiid.s along the margins of the petiole 
for one-quarter to one-half the length of the latter. The petiole 
often has a narrow yellow median stripe along the under side. 
The petiole temunates cm the upper faee of the blade with a 
short, strong, semi-circular, pointed ligule, which is auricled at 
each end. On the under side of the leaf the j)etiole is prolonged 
into a suddenly contracting arrow-shaped rhaehis about 0 inches 
long. P. perictiJoritrn Wndl. of the Paumotu Islands is char- 
acterizefl ))y dark golden-brown petioles. 

Blade: The leaf-blane is fan-shaped and palmatisect; 3 to 4 
feet long and somewhat less in width. The midrib is some- 
times quite yellow. The segments numbw 20, 40 to60, andaie 
about 1 foot long. Each segment is again slit at the apex into 2 
]ineaj>«ieute lobes. In some forms the lobes are truncate. A 
fibrous thread about 6 inches long projects from each sinns; in 
some forms it ip short or entirely absent. The apical poitions 
of the leaf segments are stiff and outstanding, not (iroo]iing. 
All .segments are comiate to about the middle. In some forms 
the blade is covered underneath, particularly near tiie base, 
with a pale-brown dense matted wool. There is great variability 
as to the ext«it and density of this wool, and it cannot be rdied 
upon as a systematic character. In many foims the blade 
underneath is glaucous and glabrous, not woolly, but in the 
yoimger state covered with thin, appressed, and soon deciduous 
scale! ets. 

The new leaves are clean and umnutiiuted; the older foihifie is 
often maiked by the attaekh of insects and fungi, and ib winii- 
beaten. The leaves of the seedling loulu are not pahnatisect, 
but are narrow lanceolate, attentuate or acuminate at both ends. 
They are squamose underneath, with scattered silvety pubes^ 
cence. They are strongly plicate, but the segments are not 
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free; on slightly older leaves the segments gradual!}' become free 
as the leaf enlarges. The seedling lea\es are 8 to 14 inches 
long and 3 to 4 inches wide. The seedling usually has 5 to 8 
leaves. 

In the dense forest which doses both the steep slopes and 
the less rugged parts of the montane districts, the young loulu 
palms do not have adequate spiace for lateral expansion. All 
available space is monopolised by the strongly-competing vege- 
tation. The loulu petioles are uprii^t and more or less el^CH 
lat^l. Along the strcamways, however, there is more room 
at least o\ er the stream itself, and in these situations the young 
louhts fonn lieautiful rosettes, 20 feet in diameter and 18 feet 
high, with maturing leaves at every angle from vertical to 
horizontal. 

The region at the summit of the trunk which is occupied by 
the leaf-bases is usually a veritable microcosm of epiphytic plants 
and min<v animal forms. A considerable quantity of Uttw and 
humus accumulates on the broad upper surfaces of the dose-set 

petiole-bases. In this aerial garden germinate the spores and 
seeds of various forest plants. Fcni.s, vines, creepers, and even 
small shrubs and trees grow thus epiphytically in the palm 
crowns. 

The petbles and tninks often support a rich flora of livei^ 
worts, mosses, filmy ferns, lichens, and other minor q>iphytes. 
The blade Itself is usually clear and free from epiphyllous forms. 

Inflobsscence: There are usually 10 to 18 (sometnnes more) 
Bpadices, in various stages of de\'elopment. All parts of the 
inflorescence, except the flowers themseKes. are covered with 
dense scurfy-wool. There is considerable variation as to the 
quantity and distribution of this wool. The infloresenoe is a 
thrice-branching panicle on a long acillary peduncle, enclosed at 
first in several thick coriaceous, cylindrical qiathes. P. Tkur- 
skmii Drude and several Hawaiian forms are characterized by 
long slender inflorescences, Uke fishing-rods, bearing a thyrse-like 
inflorescence. Usually the inflorescence is 2 to 3 feet long, it 
continues to develop slowly until all the fruits are mature. The 
spathes are 5, lanceolate-oblong, furfuraceous externally, and in 
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some fnnns perfectly glabrous. The iiltmiate branches of the 
panicles are 3 to 8 inches long, stout and spreading. Upon 
these are set the flowers, which are sessile, single, and spirally 
arranged; there are about 30 flowers to each branch. The 
flowers are aoattefed along nearly the whole length of the tortuous, 
more or less tomentose or woolly branches of the pamde. Hie 
braetlets are short and filiform. 

The perianth is greenish-yellow: ovary green. The flower is 
O.o inches high and 0.25 inchps in diiinioter; hermaphrodite; 
coriaceouB. The outer perianth i.s tubiilar-cainpanulate. 3- 
toothed; the inner is 3-parted and with a very sliort tube which 
is connate with the staminal cup. The segments are ovate- 
lanceolate, valvate, and deciduous from the tube. The stamens 
are 6, spreading, yeUow, equal, connate below m a tube or cup, 
the anthers linear oblong; the free portions at length reflexed. 
At the base of the perianth, surrounding the style, is an annular 
nectary. Insects are attracted in considerable nmiibers by the 
pollen and nectar, both of which are abundrmt. The st>'lc is 
0.25 inches high, single, trisulcate, and attenuate with 3 minute 
blunt stigmas; deciduous. The ovary is trigonous or 3-lobed, 
3-loculed, with 1 erect ovule in each locule. 

Hie young fruit is bright green, glossy, and G<niiq)ieuouflily 
marked with very numerous dosenaet lenticels. These are light 
colored and not protuberant. The fruit is somewhat slightiy 
ridged or angled. It bears at its apex the dried remnants of the 
style and adjacent tissue?!. The mature fniit is oval, sub- 
globose, or p;k)bular. 1^ to 2 inches in diiuneter, 2 to 3 inches 
long, and resembling in shape and color a large dark purple 
plmn. The drupe is dryish, with a tiinglc central seed or nut. 
The epicarp is dark purple or black, thin, fibrous, fragile upon 
maturity and breaking so as to expose the mesocarp. The 
mesocarp is thick, fibrous, and astringent. The albumen is 
uniform, homy, snowy-white, smooth, sweetish-fragrant, and 
slightly impr^sed on the ventral side by the raphe and chalaza. 
The embrj'o is located at the back of the albinnen above the 
base. The albumen is edible, and is consideretl i\ L^n^at deUcacy 
by the Hawaiians and others who know of it^ pleasant taste. 
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Thoro arc ."SO to 80 drupes to each paiiiolo, but many of those fall 
while iiiimaturei so that old panicles have only S to 15 mature 
drupes. 

Bailey, in the Standard Cyclopedia of Horticulture (V: 2810) 
separates the Hawaiian species from P. Tpaeifiea on the basis of 
the color and aise of the fruitsi dfwignating the Hawaiian forma 
as "Fruit yellow or red" and those* of P. padfiai as "black- 
purple/' This is inaccurate, as many Hawaiian Pritchardias 
have fniit which is blaek-piiiT)lc. 

The fruits, both green and mature, are eaten by the wild rats. 
These are introduced sj)ecies which have become abundant in 
the forests and have adapted themselves to a diet wliich is almost 
wholly frugivorous. The rats do not eat the palm fruits in 
suffieioit quantities to seriously aflFect the dissenunation of the 
species. 

The Hawaiian name for P. Gaudichaudii H. Wendl. is louht 
lelOf for p. Martii H. Wendl. is lotdu hiwa* The word kmZtc is 
also u.sed by the nati\'es for umbrella: in olden times leaves were 
used as i)rotection against sun and rain. Th<' Fijian natives 
make fans {iri tnasci or ai viu) from the Pi'ikiiardia leaves, 
which are used only by the chiefs. The fans are 2 to 3 feet 
across and liave a border of flexible wood. They are used as 
sun-shades, as well as to protect from the lain. The foieign 
umbrellas are called a< mu by the Fijians. 

The Undut were fonnerly cultivated near native dwellings and 
settlements throughout the islands. Today one may find rem- 
nants — one or two neglected trees, here and there— of these 
primit!^'e p:roves. Not only were the all)uminous kernels prized 
as deliranis, but the flexilile imTuature leaves were utilized in 
the manufacture of liuts and woven fans. The leaves were rarely 
or never used .for thatch, save for the construction of temporary 
dielters in the forest. 

As the lovhu are the only representatives of the pabn family 
which are indigmous to Hawaii, they are peculiarly a])propriate 
fcMT planting as ornamentals. They grow well on the lowlands, 
even in a rather dry atmosphere, providing they have abundant 
irrigation. They flower and fruit, apparently as freely as in 
their native habitats. 
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TxifPEBATUBB AND Cbofs.— It IB oertainly a step in advance when 
meteofologbte and (Ihuatologists can turn bone-dry weather data 

into terms of practical value to the farmer and agriculturist. As long 
as they arc ignorant of tho physiological pro<*es8es going on in plants, 
just so long will the data they collect be useless to the practical man. 
At the present time, then aie afew meteralogistB who have taken woric 
in plant phynoloey and ecology or have the txroader view and are able 
to interptet the weather records, but even these must discover some 
other means by which their data can bo made to mean something. 

D. A. Seeley in his article of 1917 on the ilelation l>etween Tempera- 
ture and Crops^ has »hown that what we need more than lueun annual, 
monthly and daily temperatures, ia a method of evaluating air tem- 
perature in tmiu ci ita efficiency to meet the phmt'a thennal require- 
ments. The temperature of the plant itself should be given more 
consideration. Curves expressing plant growth rates and plant 
temperatures show parallellisms more decided than other temperatures 
observed, including maximum and mean temperatures and soil tem- 
peratures. A test of the number of heat units requned to cause a 
eheny tree to bI<»8om in the greenhouse as compared with the out- 
doors f!ho\\'s remarkably dose results when plant temperatures are 
considered, but when air temperatures alone are considered there is a 
wide variation. 

Mr. Seeley's btest article on The Length of the Growing Season in 
Michigan' shows how the period between the last spring frost and the 
first autumn frost can be the limiting factor in crop production for 

oert^ain portion-; of Michigan. 

The records ol frosts during the past tiiirty years or more for many 
localities in the state have been studied and mathematical calculations 
made to determine the ride from frost damage on certain dates. Tables 
are given showing the dates in qiring and autumn when there is an 

> Seeley, D. A. Relation between tomperatare and crops. Monthly Weather 
Review 4fi: 354-359. 1917. 

* Seeley, D. A. The length of the growing season in Michigan. Mioh. Acad. 
Sci. Rept. 20. 1018. 
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even chance that further frosts will occur. The dates are also given 
when the risks axe 33^%, 20%, 10% and 5%. A third table gives the 
froetleaB aeaaon, and with this as a guide and his knowledge of the 
ntmibor of days it takes to mature a particular orop, the farmer may 

determine the chaiu e of succe^is. 

Mention is also made of the influence of the Great Lakes. Along 
the dune of Lake Superior, fiostB occur no later in spring than in most 
portions of the Lownt Peninsula and autmnn frosts are delayed by the 

great mass of water that has been lieated during the summer season 
and has hopn slow in cooling. Consequently the length of the j?rowing 
season nloriK Lake Superior is about th<^ same as it is in the central 
counties of the Lower Peninsula. Along the shores of Lake Michigan 
the autumn frosts do not occur until about October 20, while 60 to 60 
miles inland they come a month earlier. Elevation sliorfons the grow> 
ing season. The highlands of the Upper Peninsula and the northern 
counties of the Lower Peninsula ha\e a later spring frost and earlier 
autumn frost than the lake counties on the southern tier of counties 
in the Upper Peninsula. — ^R. P. Hibbard. 

The Embrtoloot of Pinus — Biichholz* has studied the develop- 
ment of the susponsor and early embryo in cones of Finns banksiana, 
P. larido, P. sylvestris and P. echinata, collcctod weekly during the 
summer months, and his results change inatenuily the general con- 
ception of the embiyology €lS the genus. The primitive duiracter of 
polyembryony due to the cleavage of one egg (as contrasted with 
polycmbrj'ony due to the occurrence of several archegonia in one 
ovule) which is retained by several genera of G^innosperms, i'^ much 
more extensive in Pinus than has been indicated in published de- 
scriptions. A fertilised egg in the species enumerated above usually 
produces eii^t embryos, of whidi four are the primary Bmhrytm com- 
monly figured in texts, arising from the lowest tier of cells of the pro- 
embrj'o. and four are developeil from the rosette cells just above the 
suspensor layer, which thus arc shown to Ix- really embrj^o initials. 
Rosette embryos are somewhat delayed in development and they 
probaUy never contribute the persistent embryo of the seed. Both 
primary and rosette embiyos tlevdop by the divinon of a fern type of 
apical cell whidi is evidmit in primary embryos up to thejSOO-700 

» liuchholK, John Theodore. Suspeoaor and early embrj-o of Finua. Bot. 
Gas. 66:185-222. pti. 6-10. 1918. 
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cell sta^ and in the rosette cnibn'os as far a,s fhpy prow. A r'^iliRfion 
in the number of cotyledons in Pinus bank^-iana due lo the fusion of 
two priniordia is interpreted as suggesting the origin of dicotyledony 
from polyratyledony. The paper includes a description of the writer's 
technique for hftf>^ling pine ovules and is iUustnUied with five plates 
and three text figures.— >f. Bbown. 
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The advance sheetA of the Atlas of American Agriculture are now 
appearing rapidly under the supervision of Dr. 0. E. Baker. Particular 
interest attaches to the first section of the climatic part of the Atlas on 
Frost and the Growing Season. Maps of the United States, on a scale 
of 130 miles to the inch, are given to show the average dates of the but 
and first killing frost, and the average length of the frostless season. 
Smaller maps show departures from the normal length of the frostless 
season and the perecntape of prol)abilitv of such depardires. Useful 
as the Atlas promist^s ro there will always be a small but important 
group of workers who wiii need the data on which the maps are based 
even more than they need the maps themselves. 

The Macmillan Company have recently published a Manual of Vege- 
table Garden Insects, by C. R. Crosby and M. D. Leonard. The life- 
histories and uiethods of control of injurious insects are grouped accord- 
ing to the plants which th^ attack. The book covers the United States 
and Canada and is deogned to meet the needs of the practical grower 
of garden crops. 

The equipment and work of the Swedish Forest Research Institute, 
near Stockholm, have been described in one of the series of contributions 
publtahed by the Institute. It was cstablisbed in 1907, maintains a 
staff of six men and is admirably equipped for all lines of forest 
investigation. 
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